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Infrastructure projects have a high possibility of failing during the planning and execution 
stages. This is due to the complexity of modern projects, a high level of uncertainties, as well 
as several interdependencies within the project. A well-defined project scope is an important 
part of front-end planning; it is key for achieving excellent project performance, and 
minimising project risks related to additional costs and delays. The consequences of a poor 
project scope are unexpected problems in the later stages of the project, compromised project 
quality, and project objectives that may not be met. 
 
The purpose of this research was to determine whether the application of best practices to the 
project scoping process could have positive effects and ultimately improve the infrastructure 
project performance. To achieve the study objective, a case study approach was followed to 
assess the gaps that were present during the scope definition process and the preplanning phase 
of an infrastructure project. The questionnaire was used to determine if there were any gaps in 
the project scoping process for the selected project. The project definition rating index (PDRI) 
checklist was applied to validate the identified gaps.  
 
Using a questionnaire, the findings from the investigation highlighted two gaps. The first gap 
was the need to create a list of service requirements, such as electricity, water and sewer, 
required during the construction phase. The second gap was related to determining the extent 
of the environmental work required during the construction of the project. Following the 
application of the PDRI checklist, the first gap was validated. If this activity is not well defined 
and planned during the project scoping process, it may lead to unwarranted time delays and 
increased project costs. 
 
The research was expected to contribute to the knowledge base on defining a clear scope for 
infrastructure projects and improve the success of infrastructure projects in general. 
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Chapter 1: Introduction 
 
1.1 Introduction  
 
Projects and project management is defined as the use of knowledge, skills, tools and 
techniques to implement project activities to accomplish project requirements (Project 
Management Institute (PMI), 2016b). There are general criteria that projects need to satisfy to 
be deemed successful, such as time, cost and quality (Mathiba, 2012). Ofori (2013) 
acknowledged that project management is a recognisable but different management approach; 
it can be applied to achieve business objectives and propel the economic growth of a country. 
According to Mathiba (2012), project success is an important element that aligns with business 
objectives in most instances; this means that project failure affects businesses, stakeholders and 
society negatively.  
 
The details of infrastructure projects may be different from initiation to project close-out. This 
is subject to various factors, such as the design or construction project delivery method, type 
of contract entered into between the client and service provider, and the kind of infrastructure 
being designed or constructed (Project Management Institute, 2016c). The PMI indicated that 
the infrastructure industry is established mainly in a competitive market environment for 
project cost, schedule and performance delivery (Project Management Institute, 2016a). 
Infrastructure projects may appear to be similar, however, each project has its risks, challenges, 
carries large penalties and may have major implications should the project run late (Project 
Management Institute, 2016a).  
 
Infrastructure projects happen in environments that are complicated and have a potential for 
risk (Project Management Institute, 2016a). According to Dinsmore and Cabanis-Brewin, 
(2014), projects are often a response to change, demands and opportunities. Ronggui (2015) 
referred to projects as far-reaching and the driving force for organisations in most industries. 
Projects are constantly facing changes, due to the change in techniques, personnel, 
organisations, societies and the environment (Ronggui, 2015). These changes have to be 
effectively managed to remain abreast with the fast-paced changing modern world and to 
combat project risks and unproductivity (Ronggui, 2015).  
 
1.1.1 Project scope 
 
Understanding the project requirements from the client’s perspective, is one of the first tasks a 
project manager faces when carrying out a project. The project manager needs to utilise their 
acquired experience, knowledge and skills to launch and accomplish the project requirements 
that are interrelated to time, costs and quality. The project manager needs to be familiar with 
the project management body of knowledge and be able to successfully take the project through 
the different lifecycle stages namely; planning, execution, monitoring and controlling, and 
project closing (Sui Pheng, 2018). 
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Project scope management is a captivating area, on the one hand, and complicated on the other 
hand, which indicates that scope management has varying levels of importance that are 
dependent on different stakeholders managing the project (Project Management Institute, 
2016b). Blyth and Worthington (2002) defined project scoping as an innovative and continual 
briefing process that is used by the client for infrastructure design, and for the construction 
teams to meet the user’s expectations. The PMI further explained that project scoping starts 
early in the project lifecycle and is continually changing, especially during the initial stage of 
a project (Project Management Institute, 2016b). The study by Joham, Metcalfe and 
Sastrowardoyo (2009) gave a different perspective for project scoping. It states that a project 
scope is conceptualised in terms of systems thinking, where issues are considered holistically 
and ideas are interconnected instead of considering them in isolation. 
 
1.1.2 The importance of a project scope 
 
The project scope is characterised as the total of all the services, deliverables, results completed 
and delivered to achieve the project objectives (Larson & Larson, 2009). In support, Yu , Shen, 
Kelly and Hunter (2007) asserted that during the scoping process, client requirements are 
gradually developed, captured and transformed into project outputs and deliverables. Mochal 
and Mochal (2011b) highlighted that the purpose of defining a project scope is to clearly state 
the project deliverables. The project scope is usually documented through scope statements and 
work breakdown structures (WBS), which are approved by sponsors (Larson & Larson, 2009). 
 
Defining the project scope is the initial stage of the project lifecycle; the approval of which 
marks the beginning of a project (Cano & Lidón, 2011). In support, Mochal and Mochal 
(2011b) proclaimed that the reason for defining a project scope is to have a baseline for the 
project as well as forming the basis for the agreement between interested parties. Therefore, 
the project scope definition process is believed to be key to the successful delivery or failure 
of infrastructure projects (Yu et al., 2007; Cano & Lidón, 2011). 
 
Project scoping is recognised as the foundation for planning and delivering project 
management activities and the processes that follow. Even though conceptualisation is 
challenging and linked to project scoping, it is an important part of project management. How 
well the project scope is defined, depends on how well a project is conceptualised. For this 
reason, the project conceptualisation and scope definition stage are considered to be 
fundamental to the project management processes (Joham, Metcalfe & Sastrowardoyo, 2009). 
 
An early project scope definition is considered to be important since it is part of the planning 
process, which is part of the initial project phase. This is where the ability to influence cost 
seems to be the greatest, making defining the project scope a critical stage. Another purpose of 
project scoping is to track changes during the project. For this purpose, a scope baseline should 
be created during scope planning by thoroughly analysing stakeholder requirements and project 
documents, such as drawings, specifications and contracts. By so doing, changes can be tracked 
and managed to avoid project derailment that can lead to cost overruns and schedule slippage 
(Project Management Institute, 2016b).  
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1.2 Background of the problem 
 
Issues with infrastructure projects can frequently be traced to the initial phase of the project 
scoping process. Problems that are related to project scoping include; the absence of extensive 
groundwork, failure to identify all client requirements, failure to involve all relevant project 
stakeholders, poor communication between those involved in the initial phase of the project 
and not enough time allocated for defining the project scope and project briefing. Failure to 
meet the project objectives may result in a client that is unhappy with the end product (Yu et 
al., 2007).  
 
Defining a project scope is a key planning method. Chances of success become limited when 
the boundaries to the scope are not delineated, and when the scope of the project is not well 
understood. This justifies the concern with the way some project managers define the scope, 
when their scope is brief and leaves some unanswered questions (Mochal & Mochal, 2011b). 
 
A poor scope affects the outcome of the project negatively, since it is linked to the three pillars 
of project management known as cost, schedule and quality. The consequences of inadequately 
defining the project scope and poor project control measures are; wasted work hours and funds 
that could have been used productively in other projects, which also means prolonged project 
durations and increased project costs that affect organisational project margins and financials 
(Alp & Stack, 2012).  
 
First, Lampa, De Godoi Contessoto, Amorim, Zafalon, Valencio and De Souza (2017) 
indicated that defining the scope for the project is not always a straight forward activity; project 
boundaries are not always clear, and the process might be affected by political, social, 
technological, economic and organisational dynamics. Second, Lampa et al. (2017) noted that 
even a minor deviation in the project scope may result in pricey impacts in other areas, such as 
time, cost and quality. Third, Lampa et al. (2017) pointed out that the scope is linked to risk 
management. Further, they mentioned that when the scope is not well defined, this may affect 
the project negatively, in the sense that there may be consequences of failures and 
inconsistencies for the project. 
 
An unclear definition of the project scope and unrealistic expectations, lead to project failure 
because of schedule and cost overruns (Mochal & Mochal, 2011a). According to the 
researchers (Mochal & Mochal, 2011a), one of the major problems of projects is poor project 
planning, which is linked to defining the project scope. This is supported by a survey conducted 
by Adam and Danaparamita (2016), who established that 92% of project managers had projects 
that failed, due to the following reasons: unrealistic expectations, non-involvement of users in 
the collection of requirements, poor scope management, overrun of costs and schedule. 
Problems with scope, cost and schedule overrun topped the reasons for project failures in the 
study (Adam & Danaparamita, 2016). 
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Research findings, stemming from facilities projects, show that a high level of preplanning of 
a project can save 20% in costs and 30% in project time. The research found that poor, 
incomplete or a partial definition of a project scope was long recognised as problematic, since 
it has an unfavourable effect on project performance and leads to project failure. An unclear 
setting or absence of borderlines has far-reaching consequences, since it normally results in 
higher project prices that are due to changes affecting the project pace, triggering work 
revisions, expanding project time, reducing productivity and workers’ morale. The authors 
claimed that the main reason for the failure of projects is overlooking the significance of 
planning, which results in the project having a weak work foundation (Mirza, Pourzolfaghar & 
Shahnazari, 2013). 
 
1.3 Research problem statement 
 
Infrastructure projects are complex, multifaced and demand the involvement of various internal 
and external stakeholders. As early as possible, the project manager needs to identify the 
different requirements and expectations and be able to balance that with the project budget, 
schedule, quality and risks involved. Infrastructure projects need to be well planned for their 
objectives to be met and to align with the organisation’s strategic objectives. It is during the 
planning process where all the required activities and work are identified (Sui Pheng, 2018). 
 
A poorly defined scope is a serious challenge in construction projects because of the effects on 
the project performance. An inadequate scope definition creates a breach between the expected 
outcome of the final project and the project budget objectives, leading to numerous 
modifications and a lack of productivity. Thus, there are serious implications that can be drawn 
from projects with an inadequate scope definition, as the success of infrastructure projects is 
reliant on a detailed and correct scope definition (Zwikael & Smyrk, 2011).  
 
This study intended to determine whether the application of best practices to the project 
scoping process could have positive effects on the process and ultimately improve 
infrastructure project performance.  
 
The findings of the research were expected to contribute to the knowledge base on clear project 
scoping and improve the success of infrastructure projects in general. Furthermore, the findings 
of the research could be used by engineering entities, both in the public and private sectors, 
universities, engineering associations and other research institutions. 
 
The next section of the report, presents the research questions that assisted in structuring the 
research objectives and resolving the gap in defining a project scope.  
 
1.4 Research question 
 
To resolve the problem statement and provide direction for the study, the researcher will look 
at the key question below: 
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RQ: What are the best practice activities in the project scoping process for infrastructure 
projects? 
 
The next section of the report, the research aim, will provide a summary of what the study 
aimed to achieve. 
 
1.5 Research aim 
 
The aim was to study the project scoping process and assess the gaps that were present during 
the defining of the scope and the preplanning phase of infrastructure projects. 
 
1.6 Research design 
 
The research included a detailed literature review of academic papers such as research journals, 
case studies and dissertations. An in-depth case study approach was identified as the most 
appropriate research methodology to address the research problem and data was collected using 
questionnairres. The researcher identified an infrastructure project and distributed the 
questionnaires to individuals (the project team, project managers, project leaders, and 
consultants) who were working on the infrastructure project. The findings from this process 
were linked to the literature and combined to present results that would recommend 
improvements for defining a clear project scope for infrastructure projects.  
 
1.6.1 Research method 
 
Traditional research methodologies were used. The data used in the study was derived from 
both first-hand evidence and second-hand information. The study relied on the literature review 
and the use of a quantitative method to identify a gap in the defining of the scope processes,  to 
be able to develop a theory to improve the understanding of the phenomenon of defining a 
scope and align to best practices (Hair, Samouel, Page, Celsi & Money, 2015).  
 
1.6.2  Data collection 
 
Individuals, who were working on an infrastructure project, were sampled from a specific 
organisation. The individuals consisted of the project team, project managers, project leaders, 
and consultants.  
 
1.7 Research approach 
 
The research approach refers to the research plan of action that would be undertaken. It consists 
of the research formulation, execution and analysis. The research formulation involved 
defining the problem, ascertaining if there would be enough data available to support the 
existence of the problem, translating problems into specific questions to determine the research 
objectives and designing the research process. The research execution focused on sampling 
approaches and designs used, and considered ways to minimise errors and inconsistencies that 
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could arise during the sampling process. Following this, the data were analysed by selecting 
and applying methods to the data (Hair et al., 2015). 
 
1.8 Research report layout  
 
The report layout is composed of five (5) chapters.  
Chapter 1 gives an introduction to the research topic, which focused on investigating the gap 
between defining the project scope process used during the infrastructure project initiation 
stage and the defining of the project scope for industry best practice. The chapter also included 
the justification for the study, the research design and approach, research problem statement, 
research questions, report layout, and chapter conclusion.  
 
Chapter 2 outlined the literature review, focusing on studies done by other researchers on the 
subject matter of defining a scope. Current and previous trends were studied, including industry 
best practice approaches of defining a project scope and critical success factors.  
 
Chapter 3 justified the use of the chosen research methodology.  
 
Chapter 4 discussed the research design and methodology.  
 
Chapter 5 discussed the findings of the study and suggested recommendations. 
 
1.9 Chapter conclusion  
 
Chapter 1 of the study focused on refining the research topic, providing the theoretical 
background, presenting the key research question, the research design and the method. 
Furthermore, the chapter introduced the research topic, which focused on the purpose and 
importance of defining the project scope. It presented what is known about the problem, and 
showed that the problem of a definition of the project scope exists. If the project scope is not 
well defined nor well planned, nor carried out effectively in the initial project stage, there will 
be consequences in the later stages of the project, and the project objectives will not be met. 
When the clear and detailed project scope definition process is overlooked, the pillars of project 
management are affected negatively, which ultimately leads to the compromised quality of the 
project deliverables, project time delays, and an increased total project cost. Further to that, 
project managers need to have the necessary expertise and involve all stakeholders. Therefore, 
the best practice activities to be followed during defining the project scope need to be 
determined.  
 
In the next chapter, a review of the literature is presented, which was to establish the best 
practice approach to defining a project scope.  
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The scoping process for infrastructure projects has gaps; therefore, a need was identified to 
study the best practice activities that can be applied to identify the gaps within the infrastructure 
project scoping process. The first section of this chapter focuses on the concept of infrastructure 
projects, their purpose and importance, the implementation process, and what can be done to 
improve the planning and management of infrastructure projects. An understanding of the 
infrastructure project lifecycle with its phases is provided. Furthermore, project scoping is 
discussed as it is an important part of project planning, a phase within the infrastructure project 
lifecycle. The main activities carried out during the project scoping process are highlighted, as 
well as the challenges associated with defining the project scope and the importance of this. 
This leads to the section that discusses a planning tool, known as the front-end planning, a tool 
that helps with defining and developing the project scope. The last section is concluded by 
identifying and discussing the best practice activities that can be used for identifying gaps 
within the scoping process for infrastructure projects.  
 
2.2 Infrastructure projects 
 
Infrastructure projects are those structures or systems required for basic services. According to 
Nasir, Haas, Caldas and Goodrum (2016), infrastructure projects are important for the effective 
operation of the economy, society, the environment, and daily activities of a country. While 
Kivilä, Martinsuo, and Vuorinen (2017) explained that infrastructure projects are typically 
public-sector investment projects with long-term goals of building or maintaining specific 
infrastructure, such as roads, residential areas, tunnels, electricity grids or railroads. They are 
built with the purpose of transportation, transmission, distribution, collection, and for the 
interaction of people, goods, and services (Bingham, Gibson & Cho, 2011). As a consequence, 
due to the magnitude and impact on society, infrastructure projects create interest in the eyes 
of various stakeholders (Bingham, et al., 2011; Vuorinen & Martinsuo, 2018). 
 
Large investments need to be well planned and managed for a successful delivery. Therefore, 
Nasir et al. (2016) claimed that best practices should be used to improve the productivity of 
infrastructure projects, as well as having a positive effect on the project outcomes. Best 
practices are processes or methods that when executed properly lead to improved project 
performance (Safapour, Kermanshachi, Shane and Anderson, 2017). Safapour et al. (2017) 
noted that the Construction Industry Institute has developed five best practices that 
significantly save time and costs for the project owner, known as: 
• Front-end planning; 
• Team building; 
• Project change management; 
• Alignment; and 
• Partnering. 
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Best practices are developed into a well-defined process that can be used during the different 
phases of infrastructure projects (Nasir et al., 2016). Similarly, Safapour et al. (2017) added 
that best practices advance the design and construction phases and lead to major gains for 
various stakeholders. 
 
2.2.1 Infrastructure project lifecycle 
 
Infrastructure projects are better managed in the phases of the project lifecycle. The selection 
and implementation of these projects typically follow four main phases as shown in Figure 2.1; 
(1) initiation phase, (2) planning phase, (3) execution phase, and (4) project closure (Khang & 
Moe, 2008; Bishawajeet, Surendra & Mridul, 2018; Hansen, Too & Le, 2018). 
 




Figure 2.1: Project lifecycle phases  
 
The needs and constraints of a project are identified in the initiation phase. A detailed project 
scope is developed in the planning phase, including the estimating for resources, budgeting and 
planning for risks. The execution phase entails carrying out the project activities and lastly, the 
project closure phase is when the project reports are completed and the project is handed over 
(Bishawajeet et al., 2018; Khang & Moe, 2008). 
 
The focus of this study was on the project initiation and planning phase of the infrastructure 
project lifecycle, where the front-end planning process is applied to define the project scope 
well enough, so that project owners will have enough information to make important decisions 
about the project. The next section covers project initiation and project planning. The sections 
thereafter, will explain the project scope and front-end planning. 
 
2.2.1.1 Initiation phase 
 
Project initiation is the first phase in the infrastructure project lifecycle, this is basically where 
the project begins. The initiation phase begins with the concept of the client identifying a need 
for a project, such as a road, school, clinic, water network or human development, and 
determining the extent of the project and evaluating viable alternatives (Stewart, Mohamed & 
Daet, 2002; Bishawajeet et al, 2018; Khang & Moe, 2008). Stewart, Mohamed and Daet (2002) 
explained that there are various factors such as land acquisition, construction time, the overall 
cost of the project, and the availability of funds that need to be assessed and incorporated into 
the decision by the client, since the decision will have a long-term impact on the organisation 
and project environment. This phase also includes the identification of constraints and risks 
Initiation Planning Execution Closure 
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such as budget, time, equipment, software, personnel and procedures (Stewart et al., 2002). 
Another consideration should be the socio-economic and environmental impact factors that 
ensure delivery of a project that meets the end-user needs, has long-lasting benefits and 
increases productivity (Bishawajeet et al., 2018). The next section covers project planning, the 
second phase of the infrastructure project life cycle.  
 
2.2.1.2 Planning phase 
 
Before defining project planning, and to avoid confusing the two terms, it is important to briefly 
highlight the difference between project planning and front-end planning. Project planning is 
one of the critical success factors and its major outcome is the project plan (Hansen et al., 
2018). The project plan outcomes include these elements; the project overview, project 
objectives, project approach, contractual conditions, schedules, resource estimation, risk 
management plan and evaluation methods (Hansen et al., 2018). While front-end planning on 
the other end assists the project owners to make investment decisions, since during this phase, 
process risks and problem areas concerning the project are identified (Hansen et al., 2018). 
Identifying risks early in the project lifecycle ensures that resources are not wasted on planning 
the wrong project (Hansen et al., 2018). Furthermore, it is important to note that these two 
processes take place within the project lifecycle, although not exactly within the same stages 
(Hansen et al., 2018). Project planning is the second phase of the project lifecycle, while front-
end planning begins at the first phase (initiation phase) and ends during the planning phase of 
the project lifecycle (Hansen et al., 2018). This is illustrated in Figure 2.2 below. 
                 
     
                                          
Figure 1.2: Project lifecycle phases and front-end planning  
 
The project planning phase prepares for the execution of the project and identifies the project 
elements that might cause problems. Bishawajeet et al. (2018) and Hwang and Ho (2012) stated 
the project plan should not only be detailed enough but should also be prepared by the project 
team before the project execution. Project planning aims to prepare for any challenges that 
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might arise during the project execution, and for the early involvement of stakeholders 
(Bishawajeet et al., 2018). The project planning process is explained by Khang and Moe 
(2008), who indicated that the project team develops the project scope, makes resources 
available, cost and programme estimates, and negotiate for commitment and final approval 
from project owners for the project to proceed. Even though the project planning process might 
be challenging, it should be recognised as a necessary investment that will result in improved 
project costs and schedule performance (Hwang & Ho, 2012).  
 
The above section explained the project planning phase, the second phase of the project life 
cycle, where a major outcome is the project plan. A critical part of project planning is defining 
the project scope where the project execution approach is defined, and the risks associated with 
the project are identified. The purpose and importance of applying the front-end planning 
process during the execution of infrastructure projects are explained in the next sections. 
 
2.3 Front-end planning 
 
Front-end planning is the process where sufficient strategic information is developed to be used 
by project owners to identify project problem areas and risks as well as to decide if there is a 
need to commit resources to optimise the chances of the success of the project (George, Bell & 
Edward Back, 2008; Gibson Jr, Bingham & Stogner, 2010; Hwang & Ho, 2012; Oh, 
Naderpajouh, Hastak & Gokhale , 2016). Front-end planning allows the project team to identify 
project areas that require further defining before the design and execution (George et al., 2008). 
Efforts in the preplanning stages have a major influence on the project’s performance in the 
areas of costs, schedules and operations (Oh et al., 2016; Too, Le & Yap, 2017). This basically 
means that decisions made early in the project process provide the direction with which the 
project moves forward and sets boundaries within which the project team carries out the work 
(George et al., 2008). Therefore, front-end planning allows the project team to have greater 
influence over the project (George et al.,2008).  
 
Furthermore, Oh et al. (2016), pointed out that front-end planning is an owner-driven process, 
which needs to be tied closely to the business goals. It is important for the business goals, 
project goals, and front-end planning guidelines for these all to be well-defined (Oh et al., 
2016).  Oh et al. (2016) also believed that the process is complex, since it requires alignment 
to the business needs, customisation to specific projects, and requires the consistent application 
for it to gain momentum.  
 
Although recent studies refer to the process as front-end planning, earlier studies referred to 
the process as a preproject planning process (Hwang & Ho, 2012; Oh et al., 2016). Other terms 
that are used with front-end planning are feasibility analysis, front-end loading or conceptual 
planning (George et al., 2008). Figure 2.3 below shows the development history of front-end 


















Figure 2.3: Timeline showing the development history of front-end planning  
 
It is cited in the study by Hwang and Ho (2012) and Oh et al. (2016) that in 1992, the 
Construction Industry Institute (CII) developed a standard process for preproject planning, 
which is made-up of four phases;  
• Organising the team for preproject planning; the project manager, technical staff, key 
consultants, operations and business personnel are involved at this level and they need 
to understand the project activities and their roles and responsibilities in the process 
(Hwang & Ho, 2012). 
• Identification of project alternatives; at this level, inputs to the front-end planning 
process are verified, analysed and recommendations of project alternatives are 
presented by the qualified and experienced team to the decision-makers (Hwang & Ho, 
2012).  
• Development of the project definition package; this phase includes an important task of 
the front-end planning process, known as a detailed scope definition. The project scope 
needs to be well-defined before the project owner makes a decision regarding 
authorisation (Hwang & Ho, 2012). A well-defined scope is critical to achieving project 
success, however, this is not an easy task since several risks may arise due to unforeseen 
conditions and unresolved scope issues (Hwang & Ho, 2012).   
• Decision on whether to continue with the project or not; the viability of different options 
is assessed and a feasibility study is conducted to decide whether or not to continue 
with the project (Hwang & Ho, 2012).  
 
In 1994, the first project definition rating index (PDRI) tool was developed by the Construction 
Industry Institute (CII) for use in the front-end planning process, this tool was specific for 
industrial projects (Gibson Jr et al., 2010; Bingham & Gibson Jr, 2017). The PDRI is used to 
identify poorly defined elements of the scope so that they may be addressed (Hwang & Ho, 
2012). Four years later in 1998, another version of the PDRI was developed, this tool was 
1992 
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specifically for building projects and the aim of both these tools was to corollate project 
performance with the project scope (Gibson Jr et al., 2010; Bingham & Gibson Jr, 2017). 
 
In 2006, the term preproject planning was changed to front-end planning (Oh et al., 2016). The 
reason for the change is that the term preproject planning implies that efforts are only 
performed at this particular stage, while front-end planning would involve planning efforts 
performed during the entire project (Oh et al., 2016). Hwang and Ho (2012) agreed with this 
notion and believed that front-end planning focuses only on the planning effort rather than the 
entire project. Besides, the front-end planning process was also modified into a gated process 
to clarify the scope of front-end planning and to focus more on the planning efforts (Hwang & 
Ho, 2012; Oh et al., 2016). The reason for the change was to incorporate the PDRI concept at 
each front-end planning phase (Hwang & Ho, 2012). Furthermore,it was also improving the 
level of definition at each phase of front-end planning to support decision-making by the 
project owners (Hwang & Ho, 2012). The modified front-end planning process has three main 
phases (Lotz, 2015; Safa, Sabet, MacGillivray, Davidson, Kaczmarczyk, Gibson, Rayside & 
Haas, 2015). Front-end planning starts at the feasibility stage, which is phase 1 and ending with 
decision gate 1.Next is the concept phase 2, ending with the decision gate 2 and finally, it is 
the detailed scope, phase 3, ending with decision gate 3, which is before the start of the project 
design and construction phases (Lotz, 2015; Safa et al., 2015). The front-end planning process 




Figure 2.4: Front-end planning process 
 
The phases of the front-end planning process are explained in detail below: 
• Feasibility (phase 1); front-end planning starts with an idea and the employer’s desire 
to create something (Hansen et al., 2018). Then the employer, with the help of a 
qualified and experienced team, decides if it is necessary to pursue the idea or not 
(Hansen et al., 2018). In deciding if the idea will be pursued the following is considered; 
if the project is feasible, what value will the project add and if the project will bring in 
returns on the investment (Lotz, 2015), and what risk factors could arise should the 
project be carried out (Khun-anod & Limsawasd, 2019). With the consideration of all 
these factors, the employer decides if there is a need or not for the project (Hansen et 
al., 2018). This stage is necessary since it helps the employer determine if the planned 
project is needed (Hansen et al., 2018). 
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• Concept (phase 2); at this stage, the employer selects a project team that has enough 
knowledge and enough experience to perform the front-end planning process (Hansen 
et al., 2018). Then, the project charter is created, which serves as a basis for starting the 
project (Hansen et al., 2018). In developing the project charter the following should be 
considered; site investigations, aligning the project objectives with the stakeholder 
objectives, analysing possible technologies, preliminary project scope development 
with key deliverables, evaluating project alternatives, and an attempt to eliminate risks 
that may arise later in the project (Lotz, 2015; Safa et al., 2015; Hansen et al.,  2018). 
Ultimately, the project charter is approved by the project owner (Hansen et al., 2018). 
• Detailed scope (phase 3); the detailed scope phase involves the setting of planning 
targets, identifying project risks, defining a detailed project scope, and developing 
preliminary project designs (Hansen et al., 2018). George et al.(2008) added that the 
utility requirement should be identified, environmental restrictions documented, and 
the work breakdown structure created. Defining the project scope is the process where 
projects are defined in detail and prepared for execution (Hansen et al., 2018). Paying 
attention to this phase of front-end planning is very important, since this is one of the 
main reasons where projects fail (Hansen et al., 2018). A project with a poorly defined 
scope is most likely to be underestimated in terms of resources, time and costs (Hansen 
et al., 2018). Additionally, the poorly defined project scope is most likely to lead to 
unavoidable project changes that will interrupt the project, lead to reworks, delay the 
project and ultimately result in a higher estimated project cost (Hansen et al., 2018). 
Developing a well-defined project scope during the front-end planning process, allows 
for changes to be tracked early and significantly increases the chances of project success 
(Hansen et al., 2018). Once the project scope is well-defined and approved, the project 
team prepares preliminary designs to be used for the next phase, the design phase 
(Hansen et al., 2018), which falls out of the scope of the front-end planning process.  
 
The latest in the development of front-end planning is the creation of the project definition 
rating index for infrastructure projects, and the PDRI-infrastructure, which was developed in 
2008 (Bingham & Gibson Jr, 2017). The tool is similar in structure to the previous PDRI 
versions but with a greater focus on risk issues that are important to infrastructure projects 
(Bingham & Gibson Jr, 2017).  
 
2.3.1 Front-end planning activities 
 
Even though the three-staged front-end planning process (Figure 2.4) developed by the 
Construction Industry Institute (CII) in 2006 is often referred to, the disadvantage is that the 
process does not describe the front-end planning key features (Hansen et al., 2018). Therefore, 
the aim of the research conducted by George et al. (2008) was to update the model based on 
current techniques to show key features and critical activities involved in front-end planning. 
This resulted in the identification of 33 activities that are part of the front-end planning process 
and the development of the five-phased process of front-end planning (George et al., 2008). 
The five phases are; (1) the business or strategic plan, (2) the contracting strategy phase, (3) 
 
14 | P a g e  
 
the project execution plan, (4) the facility scope plan phase, and (5) the product technical plan 
(George et al., 2008). 
• Project strategic plan (phase 1); in total, this phase involves 12 activities, typically 
consisting of activities, such as defining the business objectives, finalising project 
alternatives, and creating a risk mitigation analysis (George et al., 2008).  
• Contracting strategy (phase 2); this phase consists of four (4) activities. These are: the 
development of the contract strategy, bid package scope, procurement strategy for 
appointing a suitable bidder, and appointment of a suitable bidder (George et al., 2008). 
• Project execution plan (phase 3); in total, this phase involves eight (8) activities, 
typically consisting of activities like compiling preliminary project estimates, 
developing the preliminary scope and the preliminary execution plan (George et 
al.,2008). 
• Project scope plan (phase 4); this phase has five (5) activities, such as process and 
facility planning, the development of the offsite scope and the environmental scope 
(George et al., 2008).  
• Product technical plan (phase 5); this phase has four (4) activities, with activities, such 
as the conduct of technical surveys and obtaining license agreements (George et al., 
2008). 
 
The activities that are critical for defining the project scope, which makes up the scope of this 
study, are the project strategic plan (phase 1), project execution plan (phase 3), and project 
scope plan (phase 4), therefore, these three phases are explained in detail in the next section. 
 
2.3.1.1 Project strategic plan (phase 1) 
 
The critical activities in this phase result in the development of the project objectives and 
ensuring they are in alignment with the business objectives of the organisation (George et al., 
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Table 2.1: Project strategic plan activities  
 
Activity Description 
Definition of project 
objectives 
Define project development objectives and ensure alignment 
to the business objectives (George et al, 2008).  
Perform project related 
market analysis 
Collect historical cost data and project performance histories 
to determine if a project is needed and whether or not it will 
be beneficial to an organisation (George et al., 2008). 
Identify and finalise project 
alternatives 
Assess project alternatives, and from the possible alternatives 
select the final project site. This should be based on the 
physical suitability, availability and environmental 
considerations (George et al., 2008). 
Address regulatory issues Initiate activities for addressing regulatory issues and ensure 
compliance during the design and construction (George et al., 
2008). 
Risk mitigation analysis Identify risk elements, severity and frequency, as well as 
coming up with risk mitigation techniques (George et al., 
2008). 
 
2.3.1.2 Project execution plan (phase 3) 
 
The critical activities in this phase result in the development of the project execution plan 
(George et al., 2008). The critical activities are explained in detail in Table 2 2 below (George 
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Table 2.2: Project execution plan activities  
 
Activity Description 
Development of the 
preliminary design criteria 
Activities that form the project objectives and the design 
criteria that are used to develop the project design concept 
(George et al., 2008).  
Form a project team Develop responsibilities for the design and construction 




Determine labour hours and cost estimates for consultants, 
major equipment, materials, suppliers and other services 
(George et al., 2008). 
Create a master project 
schedule 
Develop a standard sequenced task logic network of major 
control activities and relationships between procurement, 
design and construction, which also reflect important 
contractual dates or tentative dates for the sequence of the 
work (George et al., 2008). 
Address safety and quality 
issues 
Develop processes and procedures for managing the quality 
and safety aspects of the project (George et al., 2008). 
Development of the 
preliminary execution plan  
Study the project tasks list and determine the project 
constraints and dependencies. Develop the preliminary plan 
for executing the project. Also inform all parties that are part 
of the project of their requirements, roles and responsibilities 
(George et al., 2008). 
Develop a preliminary 
project scope 
Develop a preliminary summary of the project features, 
project information and project contractual arrangements 
(George et al., 2008).  
Develop a start-up plan  Draw up a list of required activities for the start-up plan, the 
sequence of execution and the assignment of responsibilities 
(George et al., 2008). 
 
2.3.1.3 Project scope plan (phase 4) 
 
The critical activities in this phase result in the development of the project scope plan (George 
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Table 2.3: Project scope plan activities  
 
Activity Description 
Process and facility 
planning 
Create a plan for the requirements to attain and maintain the 
site as well as the physical infrastructure for the project 
(George et al., 2008). 
Development of the utilities 
and offsite scope 
Create a requirement list of services, such as electricity, water 
and sewer, needed during the construction phase (George et 
al., 2008). 
Development of the 
environmental scope 
Determine the extent of the environmental work required 
during the construction of the project such as environmental 
remediation, assessments, wetlands and other considerations 
(George et al., 2008).  
Development of the site 
plan 
Develop a layout plan for the infrastructure and the supporting 
processes (George et al., 2008). 
Create a work breakdown 
structure 
Develop the detailed scope of work and create a detailed list 
of tasks and deliverables for the project. Also, breakdown the 
work scope into manageable packages with time and cost 
aspects (George et al. 2008). 
 
The section above outlined the development of the front-end planning process and activities. 
A tool, known as the project definition rating index (PDRI), was developed for use during the 
front-end planning process (Bingham & Gibson Jr, 2017). The PDRI tool is explained in detail 
in the next section; where the tool is defined with the benefits highlighted, the PDRI process, 
scoring, and the model are also explained.  
 
2.4 Project definition rating index (PDRI)  
 
The project definition rating index (PDRI) is an easy to use tool  for measuring the readiness 
and completeness of the project scope for industrial, building, and infrastructure projects (Oh 
et al., 2016). The application of the PDRI tool ensures that risks are identified and measured 
during the front-end planning process in relation to defining the project scope  (Tih-ju, An-Pi, 
Chao-Lung, and Jyh-Dong, 2014; Lotz, 2015). Similarly, Kermanshachi, Safapour, Anderson, 
Goodrum and Taylor, (2018) highlighted that the PDRI does not only measure the level of 
scope definition but also assists in identifying gaps, and decreasing risks throughout the 
scoping process. Infrastructure type projects benefit from using the PDRI during front-end 
planning because the tool helps with reducing risks, which increases the probability of project 
success (Lotz, 2015). 
 
The tool measures the degree of scope definition using a detailed checklist of scope definition 
elements (Gibson Jr et al., 2010). The project team uses the checklist to evaluate the scope 
definition elements based on completeness, before project design and construction (Gibson Jr 
et al., 2010). The PDRI checklist consists of three sections; the basis of project decision, the 
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basis of design and the execution approach. The PDRI checklist is made up of elements that do 
not only have relevant definitions for planning and design but also definitions relevant to 
construction that should be used for the entire project (Oh et al., 2016). Once the project team 
has assessed all elements, an index is calculated that provides an indication of the relative level 
of the definition of the project (Gibson Jr et al., 2010). A lower level score is an indication that 
the project scope is more complete (Gibson Jr et al., 2010). However, using the PDRI tool alone 
does not guarantee project success. Hansen et al. (2018) advised that using the PDRI tool 
should be coupled with sound business planning, good project execution and project 
participants that work together towards the same goal.  
 
In the next sections, the benefits, process, and scoring of the PDRI are discussed. The aim is to 
map out the different review points of the PDRI and to interpret the scoring outcomes for each 
review point along the front-end planning process. 
 
2.4.1 Benefits of a project definition rating index (PDRI) 
 
The project definition rating index (PDRI) can facilitate the achievement of the clear and 
complete project scope by monitoring the elements of the project from the feasibility phase to 
the beginning of the design and construction phase, while identifying risks before each phase. 
Evidence of this can be seen in the work by Kagogo and Steyn (2019), where the authors 
investigated the relationship between scope readiness and project performance in the Namibian 
mining industry. They found that using the PDRI provides guidance on which steps to follow 
during the scoping process and it provides a standard procedure for measuring the level of 
scope completeness and readiness. This ultimately assists the project owner and project team 
to make decisions about important project aspects, such as project budget, schedule and 
potential project risks. This was found to be the most advantageous benefit of using the PDRI 
for the scoping process. The second benefit of using the tool is that it helps improve the 
communication and with the alignment between the project owner, team, consultants, 
contractors and stakeholders. It also highlights the elements of the scope definition that are 
poorly defined (Bingham, 2010; Collins, 2015). 
 
The tool can be used by the project team as a base to compare the readiness of the project scope 
against a previous project’s performance, to estimate the performance of future projects 
(Collins, 2015). The benefits of using the tool are not only visible in the project initiation and 
project planning (that includes project scoping) but also visible later in the project lifecycle at 
the execution phase. This is where the benefits of the PDRI tool can be used to track project 
progress (Kagogo & Steyn, 2019) and predict escalations, minimise disputes and eliminate 
risks (Bingham, 2010). 
 
The section above highlighted the benefits of using the PDRI-infrastructure as part of a best 
practice tool, to identify if there are gaps and potential during the process of defining the 
infrastructure project scope at the front-end planning. 
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2.4.2 Infrastructure project definition rating index (PDRI) process 
 
The front-end process incorporates the concept of the project definition rating index (PDRI) 
reviews at the different points of the phased-gate front-end planning process (Bingham et al., 
2011; Hwang & Ho, 2012; Oh et al., 2016; Bingham & Gibson Jr, 2017; Hansen et al., 2018). 
There are four review points for the PDRI for infrastructure projects as illustrated in Figure 
2.5; PDRI 1 review, PDRI 2 review, PDRI 2i review, and PDRI 3 review (Lotz, 2015; Safa et 
al., 2015). At each review point, the maturity of the scope elements is assessed according to 
pre-determined definitions for completion, with the aim to reduce the score as the project 
progresses from phase to phase (Lotz, 2015). The PDRI review points, along the different 





Figure 2.5: Front-end planning process for infrastructure projects with PDRI reviews  
 
2.4.2.1 Project definition rating index (PDRI) 1 review 
 
The project definition rating index (PDRI) 1 review assesses if the project is ready and 
complete enough to move to the concept phase of the front-end planning process; it is 
conducted after the feasibility phase. According to Lotz (2015), PDRI 1 review is a high-level 
valuation of the project, where a decision needs to be made on whether to proceed with the 
project or not. Safa et al. (2015) indicated that this high-level valuation is normally done at the 
project kick-off meeting. Lotz (2015) illustrated that the purpose of the high-level valuation is 
to discuss the project objectives, establish stakeholder expectations and make some fair 
estimations about the project, as well as assign a project team and ensure there is good 
communication between the project team, stakeholders and interested parties. 
 
2.4.2.2 Project definition rating index (PDRI) 2 review 
 
The project definition rating index (PDRI) 2 review assesses if the project is ready for the 
detailed scope phase of the front-end planning process. Referred to as another high-level 
valuation, similar to the PDRI 1 review, PDRI 2 review ensures there is alignment between 
both the project-and stakeholders’ objectives, while focusing on the key project deliverables 
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required to complete the project. Even at this stage, communication between the project team, 
stakeholders and interested parties is important, therefore, it is facilitated. Lastly, attempts are 
made to eliminate risks that may arise at a later stage (Lotz, 2015; Safa et al., 2015). 
 
2.4.2.3 Project definition rating index (PDRI) 2i review 
 
The project definition rating index (PDRI) 2i is an intermediate review that takes place during 
the detailed scope stage of the front-end planning process. As shown in the research by Lotz 
(2015) and Safa et al. (2015), the PDRI 2i is an intermediate assessment held at the midpoint 
of the detailed scope to evaluate, not only if the project objective and stakeholder needs are 
successfully aligned, but also check that the project scope is aligning, ensuring that all activities 
required to achieve the necessary level of detail are completed. This is in preparation for the 
conclusion of front-end planning and phase gate 3.  
 
2.4.2.4 Project definition rating index (PDRI) 3 review 
 
The project definition rating index (PDRI) 3 review is the final assessment of the project during 
front-end planning. At this stage, risk issues should have been identified and proper mitigation 
plans should be in place (Safa et al., 2015). This stage should be conducted before phase gate 
3 (Lotz, 2015). Further details on the project scoring, using the PDRI, are provided in the 
sections below. 
 
2.4.3 Infrastructure project definition rating index (PDRI) scoring 
 
Referring to the project definition rating index (PDRI) review points discussed above, it is now 
necessary to explain how the scoring is applied to these, along with the different phases of the 
front-end planning process. 
 
In each PDRI review (PDRI 1, 2, 2i, and 3), the project team needs to assess the level of 
definition for all the elements. However, this may result in different outcomes for each PDRI 
review that is conducted by the team. This is discussed by Chang and Lin (2018); the purpose 
of the PDRI weighted score sheet is to allow the project team to measure the level of definition 
of the scope for a project at each PDRI review point. Collins, Parrish and Gibson (2017) further 
elaborated on the possible outcomes, where the scores have a range between level 1 and 5; 
level 1 represents a complete definition while level 5 represents no definition. Finally, the 
scores for each element are totalled by the project team to determine the overall project score. 
 
Generally, the maximum possible score for each project is 1000 points (Chang & Lin, 2018) 
while the minimum possible points are 70 (Collins et al., 2017). The typical minimum and 
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Table 2.4: Acceptable scores for PDRI infrastructure reviews  
 
Stage PDRI 1: 
Feasibility 








550 450 300 150 
Typical max 
score 
800 600 450 250 
 
Finally, the classification can be used by the project team to determine if work should proceed 
to the next step, and be used in a risk analysis to identify poorly defined projects. If the PDRI 
review score for each review falls within the acceptable score range that is stated above, then 
the outcome of the PDRI review should be that there is action required, however, if it is above 
the stated range then it is concluded that major revisions are required (Safa et al., 2015). 
 
The PDRI tool enables the project team to measure the full definition of the project scope, 
which increases the likelihood of completing the project within the set time and budget limits. 
Based on a statistical analysis of the completed infrastructure projects, those that score less 
than 200 points from the PDRI checklist, are considered to have a well-defined scope compared 
to those scoring above 200 points. Scoring below 200 points brings about an improved project 
performance, due to reduced project costs and schedules (Safa et al., 2015; Collins et al., 2017; 
Chang & Lin, 2018). 
 
There seems to be evidence that effective front-end planning efforts may also positively affect 
other aspects of infrastructure projects, such as the project’s environmental and social goals. 
Research findings by ElZomor, Burke, Parrish and Gibson  (2018) showed that well-performed 
front-end planning, with a PDRI score below 200, could decrease the total design and 
construction cost by 20%, decrease the total design and construction schedule by 39%, improve 
the predictability of the project operating performance, as well as increase the chances of 
meeting the environmental and social project goals. In support of this, are the findings by Cho 
and Gibson Jr. (2001) who confirmed that the PDRI increases the project predictability in terms 
of costs, schedules and operational performance, and further shows that PDRI brings about 
fewer project changes. With the PDRI infrastructure process and scoring procedure explained, 
the PDRI-infrastructure model is explained in the next section. 
 
2.4.4 Infrastructure project definition rating index (PDRI) model 
 
Below in Figure 2.6, a portion of the project definition rating index (PDRI) checklist model for 
infrastructure projects is illustrated (Lotz, 2015). The PDRI generally consists of sections, 
categories and elements (Lotz, 2015). Hansen (2018) demonstrates the full weighted project 
checklist developed by the Construction Industry Institute.  
 
 




Figure 2.6: A portion of the infrastructure of the PDRI hierarchy  
 
The PDRI infrastructure checklist is composed of three main sections; the basis of the project 
decision, the design basis and the execution approach. The sections are also illustrated in Figure 
2.6 above. The next section explains the PDRI checklist.  
 
2.4.4.1 Section 1: Basis of project decision 
 
The PDRI checklist section, based on the project decision, is not only for determining the 
clarity of the project scope and its completeness but also for determining if the project is 
feasible or not, and whether there is a need to continue with the project. Current research by 
Khun-anod and Limsawasd (2019) indicates that the basis of the project decision checklist 
section combines the feasibility study and all the risk factors to support the project owner’s 
decision on whether to invest in a project or not, and to determine if the project will achieve its 
investment objectives. Therefore, the project team needs to address the question of why the 
project needs to be done, if the project is feasible and what value the project will add (Lotz, 
2015). To achieve this, the project team needs to identify the correct elements for defining the 
project scope (Gibson Jr & Gebken II, 2003). In the process of identifying the scoping 
elements, it is important to consider the business strategy, the project owner’s philosophy and 
project requirements that need to be considered, well defined and aligned (Khun-anod & 
Limsawasd, 2019). The business strategy checklist section assists the project owner and team 
to set up the project master plan to achieve business success and determine whether or not the 
project would be feasible. The project owner’s philosophy section considers important points 
that will ensure delivery of a reliable infrastructure to the end-users and finally the project 
owner and team define all project requirements that will assist in underlining important points 
for planning the project (Khun-anod & Limsawasd, 2019). Therefore, a well-defined business 
strategy, project owner’s philosophy and project requirements can close the gaps and address 
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issues related to an incomplete and unclear project scope. A typical business strategy checklist 
(Bingham & Gibson Jr, 2017) is exemplified in Table 2.5 below:  
 
Table 2.5: Example score sheet for category A: Project strategy  
 
SECTION I – BASIS OF A PROJECT DECISION 
Category  Definition Level Score 
Elements  0 1 2 3 4 5 
A.  Project Strategy 
A.1 Need and purpose documentation        
A.2 Equipment location drawings        
A.3 Key team member co-ordination        
A.4 Public involvement        
Category A Total  
Definition levels:   
0 = Not applicable 2 = Minor deficiencies 4 = Major deficiencies 
1 = Complete definition 3 = Some deficiencies 5 = Incomplete or poor definition 
 
The project team determines if the basis of the decision elements have been well defined or 
not. If not well defined, the process is repeated; if the elements are well defined, the project 
moves forward to consider and rate the design basis.  
 
2.4.4.2 Section 2: Design basis 
 
The strength of the PDRI tool is that it does not only focus on identifying the scope elements 
and making a decision about a project, but there is also a focus on the design basis of the project. 
This is where the PDRI checklist assists in determining if the project is ready for design, and 
assesses the project design parameters that should be in line with the project owner’s 
requirements. Khun-anod and Limsawasd (2019) show that the design basis section of the 
PDRI checklist supports the project team in identifying which elements are concerned with the 
project design and planning the conceptual design, while considering the project owner’s needs 
and limitations. In support of this, Lotz (2015) also stated that the design basis requires the 
project team to identify what needs to be done; the design, the requirements and technologies 
that are involved with engineering. To accomplish this, the project team needs to consider the 
following four categories; project design parameters, site information, project location and 
geometry, and associated structures and equipment (Lotz, 2015; Bingham & Gibson Jr, 2017; 
Khun-anod & Limsawasd, 2019). Project design parameters involve the development of the 
project design related to engineering aspects, such as structural, civil and electrical (Lotz, 2015; 
Bingham & Gibson Jr, 2017; Khun-anod & Limsawasd, 2019). Site information requires the 
project team to investigate the project site to collect information in preparation for the project 
design and the project location (Lotz, 2015; Bingham & Gibson Jr, 2017; Khun-anod & 
Limsawasd, 2019). Project geometry requires the project team to develop a vertical alignment, 
horizontal alignment, and cross-sectional layouts required for the execution of the project. 
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There is also a need to consider associated structures and equipment (Lotz, 2015; Bingham & 
Gibson Jr, 2017; Khun-anod & Limsawasd, 2019). Thus, complete information on project 
design parameters, site information, the project location and geometry, and associated 
structures and equipment, can close the gaps and address issues related to incomplete and an 
unclear project scope that is required for the project design.  
 
Ultimately, the project team determines if the basis of the decision elements is well defined. 
Thus, if the scope elements are not well defined the process is repeated, however, if the 
elements are well defined, the project then moves forward to consider and rate the execution 
approach. 
 
2.4.4.3 Section 3: Execution approach 
 
The execution approach section in the PDRI checklist helps to determine whether or not the 
project is ready for construction, including the specifications and deliverables for construction. 
The PDRI checklist is not only limited to the decision and design basis sections mentioned 
above. Gibson Jr and Gebken II (2003) and Lotz, (2015) highlighted that the purpose of this 
section of the PDRI checklist is to ensure that the project team develops a sound strategy for 
successfully managing the project during construction, therefore, the PDRI ensures that the 
correct execution approach is chosen (Gibson Jr & Gebken II, 2003). Research findings by 
Gibson Jr and Gebken II (2003), Bingham and Gibson Jr (2017) and Khun-anod and 
Limsawasd (2019) indicate that the project team needs to initiate the construction plan; 
establish a land acquisition strategy, a strategy for procurement, and the delivery of material 
and equipment, ensure that all documents required for construction are available, have control 
over the quality of the project while considering the budget and schedule constraints, and have 
an execution plan that should be followed closely to achieve the project goals. Consequently, 
thorough information on the land acquisition, project procurement strategy, deliverables, 
project control, and the project execution plan, is required to close the gaps and address issues 
related to an incomplete and unclear project scope needed for project construction.  
 
This section outlined the three sections of the project rating definition checklist namely; the 
basis of the decision, design basis and the execution approach.  
 
2.5 Chapter conclusion 
 
The purpose of this chapter was to provide a review of past literature on defining the scope for 
infrastructure projects and to identify key activities that are involved in this process.  
 
The literature identifies the project scope as a critical part of the planning phase of the 
infrastructure project lifecycle. Therefore, the scope for a project should be defined to a level 
where all project requirements are identified to allow a thorough assessment of project 
alternatives, an accurate estimation of the project budget and schedule, and the identification 
of any potential risks to the project. 
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Eighteen activities were identified as critical activities for defining the project scope for 
infrastructure projects, and highlighted the key features in the front-end planning. The activities 
are grouped into three development phases namely; the project strategic planning activities, 
project execution planning activities, and project scope planning activities.  
 
From the literature, proposals for a method to identify gaps and risks during the project scoping 
process are known as the PDRI. Its use is recommended along the different stages of the front-
end planning process. The PDRI was identified by the Construction Industry Institute 
(Bingham, 2010; Hansen, 2018). The project team uses the PDRI tool in the form of a weighted 
scoring checklist to measure the level of scope readiness and completeness. The project team 
tallies the scores from the PDRI checklist to determine the level of definition; this helps the 
project team to decide whether or not to continue to the next phase of the project. Furthermore, 
this helps the project owner with making decisions about important aspects of the project, such 
as project continuation, project budget, project schedule and potential risks. 
 
In summary, the literature study showed that the PDRI-infrastructure can be used during the 
front-end planning process to identify the gaps and potential risks found during the scoping 
process of infrastructure projects. 
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The purpose of this chapter is to discuss the research methodology used to gather data for this 
study. The chapter explains how data was collected, details of the tools used to collect and 
analyse the data, as well as the rationale for choosing these methods. The main objective of 
data collection is to answer the research question posed in Chapter 1. In the chapter, there is a 
discussion of the ethical principles that were followed, the concepts of research validity, 
reliability and triangulation. 
 
3.2 Research design 
 
The research design is the plan that is accepted to attempt to answer the research question. 
There is one specific question from this research that needs to be answered to resolve the 
research problem:  
 
RQ: What are the best practice activities in the project scope process for infrastructure 
projects? 
 
The research question was what the researcher wanted to answer by doing the study, which 
guided the investigation and selection of a suitable research method (Rose, Nigel & Canhoto, 
2014). ‘What’ questions seek to develop a detailed description of the phenomenon under 
investigation, known as descriptive research (Rose et al., 2014). Descriptive research requires 
an in-depth investigation of the experiences of a small group of people involved in a particular 
situation (Rose et al., 2014). To correctly address the research question above, the experiences 
of the project team members, who were involved in running a specific project within the case 
organisation, were explored to highlight how to close any gaps that were present during the 
scope definition process and the preplanning phase of infrastructure projects. The next sections 
explain the justification for using the case study methodology, the case organisation and the 
unit of analysis. 
 
3.2.1 Justification for using case study methodology 
 
A case study research methodology was ideal for this research since it involved doing an in-
depth study of the case under examination (Quilan, Zikmund, Babin, Carr & Griffin, 2015). 
Another advantage was that a case study relies on multiple sources of evidence, which can 
ensure that data will connect in a triangular fashion (Yin, 2018). A case study approach can 
involve the study of one or multiple cases, which could be a particular practice or system in an 
organisation (Quilan et al., 2015). The case study research approach was suitable, since it can 
be used to get a better understanding of the activities undertaken when defining the scope for 
infrastructure projects within the case organisation. 
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3.2.2 Case organisation  
 
The case study focused on the organisation, which operates within the sector of the 
infrastructure projects. The case organisation is responsible for delivering an integrated, 
sustainable and efficient infrastructure within the Gauteng province in South Africa. The case 
organisation needs to offer services that are economical and efficient to give citizens the best 
possible value for money. The employees, who were selected to participate in the case study, 
worked with infrastructure projects, held positions of a project manager, project leader or 
project team member, and had various skills in project initiation, project planning, and the 
execution of projects. 
 
3.2.3 Unit of analysis 
 
The unit of analysis for the case study, were the activities undertaken when defining the scope 
for infrastructure projects within the case organisation. The aim was to highlight how to close 
the gaps that were present during the scope definition process and the preplanning phase of 
infrastructure projects. The research question focused on the best practice activities in the 
project scope process for infrastructure projects. The project scoping process for infrastructure 
projects, within the organisation, was assessed using the best practice activities for defining the 
infrastructure project scope that was identified and presented in Chapter 2, the literature review. 
The tools of assessment that were established from Chapter 2, was a questionnaire and the 
project definition rating index (PDRI) checklist; both tools were applied to a single 
infrastructure project that was selected within the organisation. The data collection methods 
are explained in detail in the section below. 
 
3.3 Data collection methods 
 
The use of mixed methods to study the problem is a valuable strategy in the research process 
(Abowitz & Toole, 2010). The two data collection methods that were used for this study were 
different from each other but allowed the researcher to see more facets of the phenomenon in 
question. The results from the two data collection methods on the same concept converged and 
this increased the confidence in the results and findings of the case study research (Abowitz & 
Toole, 2010). 
 
The following data collection methods were used for the case study research to get a better 
understanding of the activities undertaken, when defining the scope for infrastructure projects 
within the case organisation. Both data collection instruments were derived or informed by the 
literature review presented in Chapter 2. The data collection instruments were as follows: 
• A questionnaire  
• The project definition rating index (PDRI) checklist 
 
The following sections explain how the questionnaire was designed and the origin of the PDRI 
checklist. 
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3.3.1 Questionnaire  
 
According to Quilan et al. (2015), questionnaires are accurately structured data collection 
instruments. Questionnaires are also defined as any written instruction that is presented to 
respondents as a series of questions or statements (Dörnyei & Taguchi, 2009). The respondents 
provide feedback through written answers or by making a selection from a list of existing 
answers (Dörnyei & Taguchi, 2009). Questionnaires offer the benefit of efficiency in terms of 
the researcher's time, effort, and require less financial resources (Dörnyei & Taguchi, 2009). 
Another benefit is that questionnaires can be adjusted and pretested to improve the flow of the 
questionnaire design and research implementation plans (Czaja & Blair, 2005).  
 
3.3.1.1 Questionnaire design 
 
The first step in planning the research design involves defining the information required and 
determining the level of detail from the research objectives (Brace, 2018). The second step 
involves determining what else is required for data analysis and lastly, map out the flow of the 
questionnaire subsections (Brace, 2018). Therefore, the questions were designed based on the 
literature review and the research question; ‘What are the best practice activities in the project 
scope process for infrastructure projects?’ The questionnaire was composed of close-ended 
questions, which required the respondents to select an answer from a list of provided responses 
(Czaja & Blair, 2005), with answers presented in the form of a five-point Likert rating scale. 
 
The questionnaire was designed in such a way that it mainly incorporated the identified critical 
scope definition activities that were selected from the 33 activities for front-end planning as 
suggested by George et al. (2008). The questionnaire was divided into two sections (Sections 
A and B); Section A was to establish the work background of the respondents; Section B 
included the 18 critical project scoping activities identified from the literature. Section B 
included the following subsections; project strategic plan, project execution plan and the 
project scope plan. A summary of the questionnaire sections and baseline is shown in Table 
3.1. Furthermore, participants rated the priority of defining the 18 scoping activities using a 
Likert scale of 1 to 5, where 1 was ‘not a priority’, 2 ‘low priority’, 3 ‘medium priority’, 4 high 
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Purpose of section Questionnaire 
Background 
profiles 
To profile the background of 
respondents that participated in 
the data collection process 
Participants selected their current role 
and the years of experience in 
infrastructure projects 
Section B 









Table 2.1 lists the detailed 
activities in the project execution 
plan that were part of the scope 
definition process 
Participants used their expert opinion to 
rate the level of priority for each 
activity for the project strategic plan 
that is part of the scope definition. The 





Table 2.2 lists the detailed 
activities in the project execution 
plan that were part of the scope 
definition process 
Participants used their expert opinion to 
rate the level of priority for each 
activity for the project execution plan 
that were part of the scope definition. 





Table 2.3 lists the detailed 
activities in the project scope plan 
that were part of the scope 
definition processes 
Participants used their expert opinion to 
rate the level of priority for each 
activity for the project scope plan that 
was part of the scope definition. The 
activities were rated on a scale of 1 to 5  
 
3.3.2 Project definition rating index (PDRI) checklist 
 
The second data collection instrument was the project definition rating index (PDRI) checklist, 
which is a score sheet developed by the Construction Industry Institute (CII) that is used to 
define project scoping activities and prepare the project for execution (Bingham, 2010; Hansen, 
2018). In their expert opinions, participants rated the level of definition for each project scoping 
activity for each section of the PDRI checklist for infrastructure projects. The participants used 
a rating scale of 0 to 5 (0-not applicable, 1-complete definition, 2-minor deficiencies, 3-some 









The questionnaire sample consisted of four individuals (two project leaders, the main project 
manager and an other project manager from the case organisation) working with infrastructure 
projects at a provincial department in South Africa. The sample for the PDRI checklist 
consisted of two individuals (the main project manager from the case organisation and project 
manager who is a  project leader representing the consultant’s office). It should be noted that 
the project manager from the case organisation participated was part of both samples.  
 
Questionnaires and the PDRI checklists were distributed to the participants via email. A period 
of two weeks was allocated to complete both the questionnaire and the PDRI checklist.The 
target respondents were requested to place the completed questionnaires and the PDRI 
checklist in a secure box at the case organisation, to ensure the anonymity of the respondent 
and the integrity of the data.  
 
3.5 Ethical considerations 
 
In research, ethics is about conducting the study honestly, with integrity, doing it safely, and 
ensuring that no harm is done to anyone (Quilan et al., 2015). In research, there are fundamental 
ethical principles to follow to ensure that the study is conducted appropriately. For this study 
the researcher followed four ethical principles: 
• Autonomy; the participation of participants is voluntary, and the participants have the 
right to withdraw from the study at any stage; 
• Beneficence; participants have the potential to generate additional knowledge and this 
may result in a gain for the case organisation; 
• Non-maleficence; participants are not required to provide their personal information 
therefore, there will be no risk of reputational harm to the participants or the case 
organisation they work for; and 
• Justice; the questionnaire and checklist cannot be linked back to the participants, 
therefore, the participants can honestly convey opinions without any risk. 
 
As a mandatory requirement, the case organisation and the participants had to give consent to 
participate in the study. The study proposal was reviewed and accepted in terms of ethical 
issues by the review board at the University of Johannesburg. It was also necessary to include 
in the agreement the issue of confidentiality and publication between the researcher and the 
case organisation (Runeson & Höst, 2009). 
 
3.6 Data analysis 
 
Yin (2018) suggested that it is best to have a data analysis strategy when conducting a case 
study; this would help to link the case study to important concepts within the study, which will 
give direction to the data analysis. Therefore, the data collected from this study were analysed 
using the qualitative data analysis strategy. In qualitative analysis, a structured approach is 
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important so the preplanned method of analysis was applied, all decisions taken by the 
researcher were recorded, and the links between data and codes were documented (Runeson & 
Höst, 2009). 
 
The chosen technique for analysis was tabulation, where the coded data was arranged in a table; 
this made it easier to have an overview of the data collected (Runeson & Höst, 2009). Table 
3.2 presents how the collected data from the questionnaire and the project definition rating 
index (PDRI) checklist, were analysed. The rows in the Table 3.2 represent the codes of interest 
and the columns represent the data collection tool. 
 
Table 3.2: Presentation of how data was collected  
 
 Questionnaire Project definition rating 
index (PDRI) checklist 
Case (project) 
description 
Design and construction of a dual carriageway road 
infrastructure with drainage structures and bridges  
Analysis  Analysis of the process for 
defining the project scope 
based on the questionnaire 
activities  
Analysis of the process for 
defining the project scope 
based on the PDRI activities 
Search for patterns Search for the most common patterns and trends in the 
activities undertaken when defining the scope for infrastructure 
projects, using results from the questionnaire and the PDRI 
checklist 
Identify the gaps  Identify the gaps within the process for defining the project 
scope, using results from the questionnaire and PDRI checklist 
Answer research 
question 
Determine best practice activities in the project scope process 
for infrastructure projects, using results from the questionnaire 
and the PDRI checklist 
 
The results from the questionnaire, PDRI checklist, and the information obtained from the 
literature, for defining an infrastructure project scope was used to conclude and present the 
findings of the best practice activities in the project scope process for infrastructure projects. 
 
3.6.1 Validity, reliability and triangulation 
 
The term validity in research refers to how robust, reasonable, truthful, and meaningful the 
research is (Quilan et al., 2015). In terms of data collection, research validity is measured by 
the degree to which the data collection methods can accomplish what they were designed to do 
(Quilan et al., 2015). Reliability refers to the dependability of the research and the degree to 
which the research can produce the same results if repeated (Quilan et al., 2015).  
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As suggested by Gibbert, Ruigrok and Wicki (2008), to ensure validity the research used 
pattern-matching to compare analytical observed patterns with those observed in previous 
studies or patterns that were predicted previously. To ensure reliability, the researcher 
demonstrated transparency in Sections 3.2, 3.4, and 3.5 by outlining the research procedure of 
how the case study research was conducted (Gibbert et al., 2008). Additionally, a case study 
database was created for storing case study notes, case study documents and narratives 
collected during the study, to facilitate retrieval for later researchers and replication of the case 
study (Gibbert et al., 2008). 
 
The research data was collected from both the questionnaires and the PDRI checklists, which 
provided the research project with a detailed and triangulated perspective that is necessary in 
case study research (Quilan et al., 2015). To enhance the triangulation of the case study 
research, the researcher verified findings using more than one perspective (Abowitz & Toole, 
2010).  
 
3.7 Chapter Conclusion 
 
The chapter presented the case study as the chosen research methodology for this study, with 
the use of a questionnaire and the PDRI checklist to collect the data. Both data collection 
instruments, were derived or informed by the literature review presented in Chapter 2. The 
approach to ensure validity, reliability and triangulation was also explained.  
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In this chapter, the results from the questionnaire and the project definition rating index (PDRI) 
checklist are presented and discussed. Data analysis involves a descriptive analysis of the data 
collected from the case study, interpreting the data and presenting the findings in the format of 
tables. Lastly, the findings are triangulated, compared to the findings from the literature review 
(Chapter 2) of this study, and a conclusion is drawn. 
 
4.2 Case study description 
 
The objective of this research study was to answer the research question, which was posed in 
Chapter 1: ‘What are the best practice activities in the project scope process for infrastructure 
projects?’. Based on the research question, the case study was selected as the ideal research 
methodology, and a questionnaire and the PDRI checklist were used for data collection 
purposes. The selected case study focused on an infrastructure project that was identified within 
the case organisation. 
 
The case involved the study of a road infrastructure project that was initiated and managed by 
a government organisation in South Africa. A professional service provider (consultant) was 
appointed to carry out the following consulting engineering services on the road infrastructure 
project: 
• Preliminary design review; 
• Full survey; 
• Full environmental impact assessment; 
• Detail design; 
• Contract documentation for the construction stage; and 
• Site supervision during the construction of the road infrastructure. 
 
The purpose of initiating the project was that the proposed road infrastructure forms part of the 
government organisation’s future road network, which is designed to improve access and 
connectivity, as well as eliminate road congestion that is projected as the traffic increases 
within the study area. Therefore, the proposed road infrastructure was expected to redistribute 
traffic from the congested parallel routes into the new network capacity. 
 
The proposed road infrastructure is classified as a Class 3 road that is also known as a minor 
arterial, it is approximately five (5) kilometers long with access restriction of not more than 
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4.2.1 Project initiation stage 
 
During the project initiation stage, a project manager from the government organisation was 
assigned to conduct a preliminary site investigation, collect important project planning 
information, compile the project scope and the tender document.  
 
4.2.2 Consultant appointment 
 
The government organisation’s expertise was in managing road infrastructure, therefore, the 
design of the road infrastructure project was outsourced to a professional service provider 
(consultant). The consultant was appointed through a tender process that involved; tender 
advertisement, tender briefing, tender closure, tender bid evaluations, and the appointment of 
the professional service provider (consultant).  
 
After the appointment of the consultant, a project handover meeting was held between the 
project team from the government organisation and the project team from the consultancy firm; 
this marked the project start date, which was April 2014.  
 
4.2.3 Project team structure  
 
The following respondents were identified as suitable participants for this case study: 
• The project manager from the case organisation was responsible for compiling the 
project scope, for administering and coordinating the project during the project 
execution.  
• The project leaders from the different business units within the case organisation were 
involved in the project as and when their expertise was required. Project leaders are 
normally specialists or supervisors with more experience than the project manager. 
• The director of the business unit within the case organisation, was informed of the 
project progress continuously. The director was usually consulted when major 
decisions needed to be made, especially those decisions that had financial implications 
or the possibility of delaying the project.  
• The project manager from the consultant’s office was responsible for executing the 
project during the preliminary design, detail design, and the construction supervision 
phase.  
• The sub-consultants were specialists that were contracted to the consultant for specific 
services (such as survey services and environmental impact assessment studies) and for 
a specific time during the preliminary and detailed design of the project.  
 
The reporting structure of the team that was involved in the execution of this infrastructure 








Figure 4.1: Case project reporting structure  
 
4.2.4 Project progress 
 
The project commenced in April 2014 and was planned for completion in July 2015. The 
following items were completed by the consultant and handed over to the government 
organisation: 
• Preliminary design review 
• Full survey 
• Detail design 
• Contract documentation for the construction stage. 
 
The full environmental impact assessment and bridge designs were not completed by the 
contract end date. The environmental authorisation would not be issued if bridge designs were 
not completed. The following concerns were raised by the environmental organisation: 
• Construction methods to be used during construction and maintenance stages should 
minimise the impact to the existing wetland and buffer area, conserve the wetland area 
to preserve the connectivity of the systems, and restrict negative impacts that could 
occur 
• The portal culverts that were used in the current detail design drawings should be 
replaced by four bridges 
 
A bridge engineer was not included as part of the project scope, therefore, for the completion 
of the bridge designs, a variation order needed to be approved to appoint the bridge designer. 
Only after the bridge designs are completed, would the environmental organisation consider 
giving authorisation for the project to proceed to the construction stage. The proposed changes 
to convert the culverts to a four-bridge structure, would increase the estimated construction 
costs and the current designs would require amendments to accommodate the bridges.  
 
Due to delays, the project was eventually completed in March 2018 instead of July 2015. 
However, only a portion of the project was completed; another design phase for the project had 
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to be initiated to address the environmental authority requirements, which resulted in an 
additional scope for the project. At the time of writing, the second phase of the design had not 
been initiated and the scope definition process not yet started. It is estimated that the second 
design phase would take 12 months. 
 
4.3 Data analysis  
 
Data was collected using a questionnaire, which consisted of two sections: the first section was 
used to collect data on the work background of the respondents; the second section was used 
to collect data on the activities needed for defining the project scope. The data collected was 
analysed using Excel spreadsheets. In the next section, the analysis of the data collected on the 
respondents’ profile background and activities for defining the project scope is presented. 
 
4.3.1 Section A: respondents’ background 
 
The questionnaire was distributed to professionals that work with infrastructure projects, who 
were involved in the selected case project for this research study. Four (4) questionnaires were 
distributed, and four (4) responses were received, therefore, the response rate was 100%, which 
is considered a good response rate. The profile background section of the questionnaire 
consisted of two subsections discussed in the next section. 
 
4.3.1.1 Respondents’ work 
 
In the first subsection of the work backgrounds, the respondents were asked to indicate their 
job descriptions within the project, the responses are presented in Table 4.1 below. 
 










Number of respondents 2 0 2 0 
 
The respondents could select one of the following job descriptions; project manager, project 
team member, project leader or other. Of the four (4) responses received, two (2) (50%) were 
project managers and 2 (50%) were project leaders. This shows that the selected participants 
were those that were directly involved with developing the project scope, and coordinating, 
administering and implementing the project during the design phase.  
 
4.3.1.2 Years of experience in infrastructure projects 
 
In the second subsection of the profile background, the respondents were asked to indicate their 
years of experience in infrastructure projects. The responses are shown in Table 4.2 below. 
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Table 4.2: Responses for years of experience in infrastructure projects 
 
  0-2 years 3-5 years 6-10 years 
More than 10 
years 
Number of respondents 0 0 0 4 
 
The respondents could select one of the following options; 0 – 2 years experience, 3 – 5 years 
experience, 6 – 10 years experience or more than 10 years. Of the four (4) responses received, 
four (4) (100%) were in the category of 6 – 10 years experience. This shows that the selected 
participants for this case study had been involved in these types of projects for a long time, and 
had the relevant knowledge for infrastructure projects.  
 
4.3.2 Section B: Activities for defining the project scope 
 
Section B of the questionnaire had questions based on the activities required when defining the 
scope for infrastructure projects and the level to which the respondents prioritise each activity 
(refer to Appendix A). The collected data were analysed to determine the weighted average for 
each activity. In the following subsections, the weighted average for each activity for the 
project strategic plan, project execution plan and project scope plan are presented. Therefore, 
for each section, there is a weighted average column representing how essential each activity 
was, quantitatively. First, the weighted total per activity is calculated by adding the sum of the 
respondents' scores multiplied by the relevant Likert scale weight per activity. The formula 
below is an illustration of the method used by Robson (1993) to calculate the weighted total 
per activity. 
 
𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑡𝑜𝑡𝑎𝑙 𝑝𝑒𝑟 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 = ∑(𝑋. 𝑊)  
 
Where:  
𝑋 is the score for each respondent per activity 
𝑊 is the weight that shows the level of definition per activity  
 
Second, the weighted average per activity is calculated by dividing the weighted total per 
activity as shown above, and dividing that by the number of respondents per activity. For this 
specific activity, there were four (4) respondents. The formula below is an illustration of the 
method used by Robson (1993) to calculate the weighted mean per activity. 
 






𝑌 is the total number of respondents per activity 
 
 
38 | P a g e  
 
4.3.2.1 Project strategic plan 
 
The activities in this phase resulted in the development of the project objectives. It should be 
ensured that they are in alignment with the business objectives of the organisation (George et 
al., 2008). Table 4.3 shows a presentation of the responses for the project strategic plan phase 
and how the respondents scored the level of priority for each activity.  
 
Table 4.3: Responses for project strategic plan 
 
 






1. Project strategic plan       
1.1 Define project development objectives and 
ensure alignment to the business objectives 
20 4 5 
1.2 Collect historical cost data and project 
performance histories to determine if a 
project was needed and whether it would be 
beneficial to an organisation 
20 4 5 
1.3 Identify and finalise project alternatives 
based on physical suitability, availability, 
and environmental considerations  
18 4 4,5 
1.4 Initiate activities for addressing regulatory 
issues and ensure compliance during design 
and construction 
19 4 4,75 
1.5 Identify risk elements, severity and 
frequency 
19 4 4,75 
1.6 Come up with risk mitigation techniques 10 2 5 
 
The project strategic plan section has an average of 4.83. The maximum weighted average is 
five (5), which is a representation of a case where all the respondents selected a rating of 
‘essential’; the full questionnaire is shown in Appendix C. Three (3) of the six (6) activities in 
this section reached the maximum weighted average. A weighted average of four (4) or more 
is an indication of a high priority activity, while a weighted average of less than four (4) is an 
indication of a lower priority activity. From the literature review, all the above activities were 
listed as essential. Based on the responses for this section there is a high level of agreement 
that all of these activities are required. It should be noted that only 50% of the respondents 
answered activity 1.6. After some investigation, it was determined that this was due to the 
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4.3.2.2 Project execution plan 
 
The activities in this phase resulted in the development of the project execution plan (George 
et al., 2008). Table 4.4 shows a presentation of the responses for the project execution plan 
phase and how the participants scored the level of priority for each activity.  
 
Table 4.4: Responses for project execution plan 
 






2. Project execution plan       
2.1 Development of preliminary design 
criteria used to develop the project design 
concept 
17 4 4,25 
2.2 Formulate the project team and assign 
responsibilities 
17 4 4,25 
2.3 Create preliminary cost estimates, such as 
estimates for consultants, equipment and 
material  
17 4 4,25 
2.4 Create master project schedule showing a 
sequence of the major activities and 
reflecting important contractual dates 
19 4 4,75 
2.5 Develop processes and procedures for 
managing the quality and safety aspects of 
the project 
17 4 4,25 
2.6 Development of preliminary execution 
plan, showing constraints and 
dependencies 
18 4 4,5 
Inform the project team of their 
requirements, roles and responsibilities 
17 4 4,25 
2.7 Develop a preliminary summary of project 
features, project information and 
contractual arrangements 
19 4 4,75 
2.8 Draw up a list of required activities for the 
start-up plan, their sequence of execution 
and assignment of responsibilities 
19 4 4,75 
 
The project execution plan has an average of four (4). The maximum weighted average is five 
(5), which is a representation of a case where all the respondents have selected a rating of 
‘essential’. The full questionnaire is shown in Appendix C. However, in this section there is no 
activity with a maximum average of five (5); activities in this section have a weighted average 
lower than the maximum. A weighted average of four (4) or more is an indication of a high 
priority activity, while a weighted average of less than four (4) is an indication of a lower 
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priority activity. From the literature review, all the above activities were listed as essential. 
Based on the responses for this section there is a high level of agreement that all of these 
activities are required. Therefore, the results from the questionnaire and literature both 
coincide; all the activities listed for the project execution plan were necessary.  
 
4.3.2.3 Project scope plan 
 
The critical activities in this phase result in the development of the project scope plan (George 
et al., 2008). Table 4.5 shows a presentation of the responses for the project scope plan phase 
and how the participants scored the level of priority for each activity.  
 
Table 4.5: Responses for project scope plan 
 






3. Project scope plan        
3.1 Create a plan of requirements for attaining 
and maintaining the site   
16 4 4 
3.2 Create a list of requirements of services, 
such as electricity, water and sewer, 
required during the construction phase 
15 4 3,75 
3.3 Determine the extent of the environmental 
work required during the construction of 
the project  
15 4 3,75 
3.4 Develop a layout plan for the 
infrastructure and the supporting 
processes 
19 4 4,75 
3.5 Develop the detailed scope of work and 
create a detailed list of tasks and 
deliverables for the project  
19 4 4,75 
Breakdown the work scope into 
manageable packages with time and cost 
aspects 
19 4 4,75 
 
The project execution plan has an average of 4.29. The maximum weighted average is five (5), 
which is a representation of a case where all the respondents have selected a rating of essential. 
The full questionnaire is shown in Appendix C. However, in this section there is no activity 
with a maximum weighted average of five (5), activities in this section have the weighted 
average lower than the maximum. A weighted average of four (4) or more is an indication of a 
high priority activity, while a weighted average of less than four (4) is an indication of a lower 
priority activity. From the literature review, all the above activities were listed as essential. 
However, based on the responses for this section, there is a high level of agreement that 
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activities 3.1, 3.4, 3.5 (a), and 3.5 (b) are essential activities but activities 3.2 and 3.3 are non-
essential activities. 
 
4.3.3 Summary of the questionnaire results 
 
Based on the questionnaire results, the potential gaps were identified as those activities that 
had a low priority score. It should be highlighted that gaps were only found in the activities of 
the project scope plan. The gaps identified are listed below.  
• Create a requirements list of services, such as electricity, water and sewer, required 
during the construction phase 
• Determine the extent of environmental work required during the construction of the 
project 
 
The identification of utility services, such as electricity, water and sewer in the vicinity of the 
project, and determining the impact they may have on the infrastructure project, is an important 
risk element ( Le, Caldas, Gibson Jr. & Thole, 2009 ) . The reason for this is that there might 
be a need to adjust some utilities to accommodate the proposed infrastructure (Le et al., 2009). 
Failure to identify utilities at the planning stage is a risk, since it affects the mitigation of utility 
conflicts in the design process or affects the relocation of the facilities on time (Le et al., 2009). 
This could ultimately result in unwarranted delays and increased project costs (Le et al., 2009). 
 
The assessment of the existing environmental conditions in the vicinity of the infrastructure 
project is also another important risk element ( Le et al., 2009; Amiril, Nawawi, Takim & Latif, 
2014). An essential preliminary environmental assessment is recommended that includes 
fieldwork and data acquisition from different sources, such as previous surveys, geographic 
information systems and resource agency databases (Le et al., 2009). This will assist in early 
identification of the problem areas in the project development process. This will ultimately 
allow enough time to address and mitigate the environmental risk concerns (Le et al., 2009; 
Amiril et al., 2014). 
 
4.4 Project definition rating index (PDRI) checklist analysis 
 
The project definition rating index (PDRI) checklist is a score sheet that was developed by the 
Construction Industry Institute (Bingham, 2010; Hansen, 2018). The tool is used to determine 
the level of definition for scoping activities to assist with preparing the project for execution 
(Bingham, 2010; Hansen, 2018). Refer to Appendix B for the PDRI checklist. The PDRI 
checklist was applied to highlight problem areas within the scope and validate if there were 
any gaps. The participants rated the level of definition, using a scale of 0 to 5 (0-not applicable, 
1-complete definition, 2-minor deficiencies, 3-some deficiencies, 4-major deficiencies, and 5-
incomplete or poor definition), for each project scoping element listed under the basis of a 
project decision (Section I), basis of design (Section II) and execution approach (Section III). 
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The data collected was transferred to a weighted PDRI checklist (refer to Appendix D) and 
analysed using Excel spreadsheets. An analysis of the PDRI checklist is presented in the next 
sections, together with the respondents’ profile background. The analysis for the PDRI is 
presented with the colour-coding shown in Table 4.6. 
 
Table 4.6: Colour-coding for the project definition rating index (PDRI) analysis 
 
Gaps Gaps were identified where one respondent viewed the element as applicable 
and another the element as not applicable 
Difference Differences were identified where one respondent’s score was different 
compared to another, but both respondents agreed that the element was 
applicable 
N/A Not applicable elements for infrastructure projects 
Similarity Similarities were identified where the respondents’ scores were the same 
 
4.4.1 Respondents’ background 
 
The questionnaire was distributed to professionals that work with infrastructure projects who 
were involved in the selected case project. Two (2) PDRI checklists were distributed, and two 
(2) responses were received, therefore, the response rate was 100%. 
 
4.4.1.1 Respondents’ work 
 
In the first subsection of the responsents’ backgrounds, the respondents were asked to indicate 
their job descriptions within the project. The respondents could select one of the following job 
descriptions; project manager, project team member, project leader, or other. Of the two (2) 
responses received, two (2) (100%) were from project managers. One project manager was 
from the case organisation and the other project manager was from the consultant’s office. Both 
participants had the relevant knowledge of the definition of a scope for this specific project. 
 
4.4.1.2 Respondent experience 
 
In the second subsection of the respondents’ backgrounds, the respondents were asked to 
indicate their years of experience in infrastructure projects. The respondents could select one 
of the following options; 0 – 2 years experience, 3 – 5 years experience, 6 – 10 years experience 
or more than 10 years. Of the two (2) responses received, two (2) (100%) were within the 
category of 6 – 10 years experience. Therefore, the selected participants were well experienced 
in defining the scope for infrastructure projects. 
 
In the next sections, data for the PDRI checklist were analysed. The PDRI checklist consisted 
of three sections, the basis of project decision (Section I), the basis of design (Section II) and 
the execution approach (Section III).  
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4.4.2 Section I: Basis of project decision 
 
The complete weighted project definition rating index (PDRI) is attached as Appendix D. A 
summary of the results based on the weighted scores for the basis of project decision (Section 
I) is presented in Table 4.7. As can be seen from Table 4.7, there are two participants, almost 
all elements were scored but respondent A did not score element D8, which might have been 
due to an oversight. 
 
Table 4.7: Scores for Section I: the basis of project decision 
 
Section I – Basis of project decision 
A.  Project strategy (maximum = 
112) 








Gap, N/A or 
difference 












A.4 Public involvement 1 1 Similarity 
Category A Total 5 47  
B.  Owner/operator philosophies (maximum = 67)    
Elements Score Score  
B.1 Design philosophy  2 7 Difference 
B.2 Operating philosophy 9 5 Difference 
B.3 Maintenance philosophy 4 4 Similarity 




Category B Total 16 21  
C.  Project funding and timing (maximum = 70)    
Elements Score Score  
C.1 Funding and programming 1 6 Difference 
C.2 Preliminary project schedule 2 7 Difference 
C.3 Contingencies 0 8 Gap 
Category C Total 3 21  
D.  Project requirements (maximum = 143)    
Elements Score Score  
D.1 Project objectives statements  1 6  
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D.2 Functional classification and 
use 
1 1 Similarity 
D.3 Evaluation of compliance 
requirements 
1 11 Difference 
D.4 Existing environmental 
conditions 
6 16 Difference 
D.5 Site characteristics available 5 5 Similarity 
D.6 Dismantling and demolition 
requirements 
0 10 Gap 
D.7 Determination of utility 
impacts 
6 11 Difference 
D.8 Lead/discipline scope of work   1  
Category D Total 20 61  
E.  Value analysis (maximum = 45)    
Elements Score Score  
E.1 Value engineering procedures 1 7 Difference 
E.2 Design simplification 0 6 Difference 
E.3 Material alternatives 
considered 
0 5 N/A 
E.4 Constructability procedures 1 9 Difference 
Category E Total 2 27  
Section I – Basis of project 
decision Total (maximum score = 
437)   
47 177  
 
The results for Section I (the basis of project decision) of the weighted checklist, show that 
respondent A has a total score of 47 and respondent B a total score of 177. Bearing in mind 
that the maximum possible score for this section is 437, that represents a poorly defined project 
scope. This means that according to respondent A, the basis of project design is viewed to be 
more well defined compared to the view of respondent B. 
 
The results from respondents A and B are assessed further and the findings for Section I (the 
basis of project decision) are presented in the next section. 
 
4.4.2.1 Findings for the basis of the project decision 
 
The findings that were discovered from the results in Section I (the basis of project decision) 
of the project definition rating index (PDRI) checklist are interpreted in two sections; summary 
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Table 4.8: Summary of findings for the basis of the project decision  
 


















Participants agreed that these elements A4, B3, D2, and D5 
were necessary for infrastructure projects and the elements 




























s D.6 Dismantling 
and demolition 
requirements 
Demolition of structures or pavements is not applicable for 
this project, since this project was for the design and 
construction of a new road infrastructure, therefore, there 
were no existing structures and pavements to demolish or 











It was important to identify and understand the risk for the 
infrastructure project so that proper contingencies could be 
allocated and maintained to be able to mitigate unforeseen 
issues. Contingencies set aside may include funds for; 
unforeseen conditions, scope changes, the definition of the 
project, critical path impact and extended overheads for 
potential project delays. In this project not enough, 
contingency funding was set aside to accommodate the 
changes that were requested by the environmental 




An approach needed to be in place to consider material 
alternatives and material evaluation 
 
4.4.3 Section II: Basis of design 
 
A summary of the results based on the weighted scores for the basis of design (Section II) is 
presented in Table 4.9. As can be seen from Table 4.9, there were two participants; almost all 
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Table 4.9: Scores for Section II: the basis of design 
 
Section II – Basis of design 
F.  Site information (maximum = 
119) 








Gap, N/A or 
difference 
F.1 Geotechnical characteristics 2 2 Similarity 
F.2 Hydrological characteristics 1 4 Difference 
F.3 Surveys and mapping 1 1 Similarity 
F.4 Permitting requirements 9 9 Similarity 
F.5 Environmental documentation 9 9 Similarity 
F.6 Environmental commitments 
and mitigation 
4 10 Difference 
F.7 Property descriptions 3 3 Similarity 
F.8 Right-of-way mapping and site 
issues 
4 4 Similarity 
Category F Total 33 42  
G.  Owner/operator philosophies (maximum = 47)    
Elements Score Score  
G.1 Schematic layout 1 4 Difference 
G.2 Horizontal and vertical 
alignment 
1 4 Difference 
G.3 Cross-sectional elements 1 1 Similarity 
G.4 Control and access 1 3 Difference 
Category G Total 4 12  
H.  Associated structures and equipment 
(maximum = 47) 
  
 
Elements Score Score  
H.1 Support structures 1 0 Gap 
H.2 Hydraulic structures 1 1 Similarity 
H.3 Miscellaneous elements 1 1 Similarity 
H.4 Equipment list 0 0 Similarity 
H.5 Equipment utility requirements 0 5 Gap 
Category H Total 3 7  
I.  Project design parameters (maximum = 80)    
Elements Score Score  
I.1 Capacity 1 6 Difference 
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I.2 Safety and hazards 1 4 Difference 
I.3 Civil/structural 1 1 Similarity 
I.4 Mechanical/equipment 0 0 Similarity 
I.5 Electrical/controls 0 0 Similarity 
I.6 Operations/maintenance 0/4  7  
Category I Total 3 18  
Section II – Basis of design Total 




The results for Section II (the basis of design) of the weighted checklist showed that respondent 
A had a total score of 43 and respondent B a total score of 79. Bearing in mind that the 
maximum possible score for this section is 293, this represents a poorly defined project scope 
for this section. This means that according to respondent A the basis of project design is viewed 
to be more well defined compared to the views of respondent B. 
 
The results from respondents A and B are assessed further, and the findings for Section II (the 
basis of design) are presented in the next section. 
 
4.4.3.1 Findings for the basis of design 
 
The findings that were discovered from the results of the project definition rating index 
checklist, Section II (basis of design) are interpreted in two sections; summary of similar scores 
and summary of different scores. The findings are presented in Table 4.10 as seen below. 
 
Table 4.10: Summary of findings for the basis of design 
 
 Elements Interpretation 
















Participants agreed that these elements F1, F3, F4, F5, 
F7, F8, G3, H2, H3 and I3 were necessary for 
infrastructure projects. The elements were defined when 
the project scope was compiled. While they also agreed 
that elements H4, I4, and I5 were not necessary for 
infrastructure projects. 









mapping and site 
issues 
 























H.1 Support structures 
Support structures for transportation such as bridges are 
very necessary for infrastructure projects. The right of 
way requirements must take into account the impact that 
bridge structure design has on the affected corridors. 
However, bridges were not defined initially for this 
project. They were considered not to be necessary for 
this project, and ultimately it was discovered from the 
environmental authorisation organisation that the 
bridges were required. 
H.5 Equipment utility 
requirements 
A tabulated list of major utility services needed to be 
included in the scope. Therefore, services for power, 
water and gas needed to be identified before the project 
started, although the scope might not be defined at a high 
level and must be updated during the execution of the 
project.  
 
4.4.4 Section III: Execution approach 
 
A summary of the results based on the weighted scores for the execution approach (Section II) 
is presented in Table 4.11. As can be seen from Table 4.11, there were two participants. Almost 
all elements were scored but respondent B did not score element L1, which might have been 
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Table 4.11: Scores for Section III: execution approach 
 
Section III – Execution approach  










J.1 Local public agencies contracts 
and agreements 
1 7 Difference 
J.2 Long-lead parcel and utility 
adjustment 
0 9 Gap 
J.3 Utility agreement and joint use 
contract 
0 0 Similarity 
J.4 Land appraisal requirements 0 0 Similarity 
J.5 Advanced land acquisition 
requirements 
0 0 Similarity 
Category J Total 1 16  
K.  Procurement strategy (maximum = 47)    
Elements Score Score  
K.1 Project delivery method and 
contracting strategies 
1 5 Difference 
K.2 Long-lead/critical equipment 
and materials identification 
0 0 Similarity 
K.3 Procurement procedure and 
plans 
0 1 Gap 
K.4 Procurement responsibility 
matrix 
0 0 Gap 
Category K Total 1 6  
L.  Project control (maximum = 
80) 
     
Elements Score Score  
L.1 Right-of-way and utilities cost 
estimates 
0    
L.2 Design and construction 2 8 Difference 
L.3 Project cost control 0 5 Difference 
L.4 Project schedule control 0 5 Difference 
L.5 Project quality assurance and 
control 
1 1 Similarity 
Category L Total 3 19  
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M.  Project execution plan (maximum = 83)    
Elements Score Score  
M.1 Safety procedures 0 4 Gap 
M.2 Owner approval requirements 1 3 Difference 
M.3 Documentation/deliverables 1 3 Difference 
M.4 Computing and CADD/model 
requirements 
1 3 Difference 
M.5 Design/construction plan and 
approach 
1 1 Similarity 
M.6 Intercompany and interagency 
coordination and agreements 
0 10 Gap 
M.7 Work zone and transportation 
plan 
0 3 N/A 
M.8 Project completion requirements 3 3 Similarity 
Category M Total 7 30  
Section III – Execution approach 
Total (maximum score = 270)   
12 71  
 
The results for Section III (the execution approach) of the weighted checklist show that 
respondent A has a total score of 12 and respondent B a total of 71. Bearing in mind that the 
maximum possible score for this section is 270, which represents a poorly defined project scope 
for this section. This means that according to respondent A, the basis of project design is viewed 
to be more well defined compared to the view of respondent B. 
 
The results from respondents A and B are assessed further. The findings for Section III (the 
execution approach) are presented in the next section. 
 
4.4.4.1 Findings for execution approach 
 
The findings that were discovered from the results of the project definition rating index 
checklist, Section III (execution approach) are interpreted in two sections; summary of similar 
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Table 4.12: Summary of findings for the execution approach 
   
 Elements Interpretation 














J.3 Utility agreement 
and joint use contract 
Participants agreed that the elements L5, M5 and M8 
were necessary for infrastructure projects. The elements 
were defined when the project scope was compiled. They 
also agreed that elements J3, J4, J5 and K2 were not 
necessary for infrastructure projects. 
J.4 Land appraisal 
requirements 







L.5 Project quality 
assurance and control 
M.5 
Design/construction 























M.7 Work zone and 
transportation plan 
The work zone and transportation plan were not 
necessary for the design stage. This plan was necessary 
for the construction stage but this project was not yet at 










J.2 Long-lead parcel 
and utility adjustment 
The right of way acquisition and utility adjustment was 
necessary but was not prioritised on the critical path. The 
reason for not having it on the critical path is that 
normally the process starts after the design phase has 
been completed and once the environmental 
authorisation has been granted. Therefore, at the design 
stage, the definition of this process might have had some 
deficiencies. 
K.3 Procurement 
procedure and plans 
The procurement procedure was necessary, but it is not 
always defined in detail. The procurement procedure is 
normally outlined during the design phase, as and when 




There is no matrix necessary for the infrastructure 
project, however, it was specified which portions of the 
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work need to be outsourced to specialist service 
providers, also known as sub-consultants, such as an 
environmental or survey specialist. 
M.1 Safety 
procedures 
It was necessary to identify safety procedures for both the 





Inter-agency coordination is necessary and was 
conducted for the environmental organisation and the 
local authorities in the vicinity of the project. 
 
4.4.5 Interpretation of the project definition rating index (PDRI) checklist 
 
If the project has less than (<) 200 total points from the project definition rating index (PDRI) 
checklist, then the project is considered to have a well-defined project scope and is likely to 
perform well (Safa et al., 2015; Collins et al., 2017; Chang & Lin, 2018). A project with total 
points of more than (>) 200 from the PDRI checklist is considered not to have a well-defined 
scope, then the project is not likely to perform well (Safa et al., 2015; Collins et al., 2017; 
Chang & Lin, 2018). Therefore, the ideal score is a maximum of 200 points or less. Refer to 
Table 4.13 below for a summary of the total PDRI scores per respondent. 
 
Table 4.13: Summary of PDRI results 
 























130 0 - 437 
Is the scope well 
defined? 









0 - 293 
Is the scope well 
defined? 







59 0 - 270 
Is the scope well 
defined? 
Yes (12) No (71) 
Total PDRI score 102 327 225  
Is the scope well 
defined? 
Yes, 102 < 
200  
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Based on the summary shown above in Table 4.13, respondent A viewed the project as well 
defined, since the PDRI checklist has a total of 102 points; meaning that the project is likely to 
perform well according to this respondent. While respondent B viewed the project as not well 
defined, since the PDRI checklist had a total of 327 points, meaning that the project is not likely 
to perform well according to this respondent.  
 
The results show that there is a major difference between the scores for the PDRI checklist by 
respondents A and B. This major difference in the total scores might be because one project 
manager (respondent) worked for the case organisation, while the other project manager 
(respondent) worked for the consultant’s office. Thus, the two project managers did have 
different views on how well the project scope should be defined when it comes to some 
activities. 
 
4.4.6 Summary for project definition rating index (PDRI) checklist results 
 
A comparison was done for the responses from respondents A and B. For the project definition 
rating index (PDRI) checklist, gaps were identified in those elements where there is a vast 
difference in the score, for example, where one respondent viewed the element as not 
applicable and the other viewed the element as applicable. The gaps identified are listed below 
for each section of the PDRI: 
• Some gaps identified in Section I (the basis of decision) were related to contingencies 
and material alternatives that were considered. Where insufficient contingencies are set 
aside, there is a risk of not being able to accommodate all changes that may arise during 
the execution of the project, which may delay the delivery of final designs and the start 
of the construction stage. 
• The gaps identified in Section II (the basis of project decision) were related to support 
structures and equipment utility requirements. Support structures for transportation, 
such as bridges, are extremely necessary for infrastructure projects. Therefore, during 
the scoping phase, it should be investigated and decided if culverts or bridges were 
required for the infrastructure project. A tabulated list of major utility services (services 
for power, water and gas) needed to be included in the scope and updated during the 
implementation of the project. These decisions were important since they had a major 
impact on the pricing of the project. 
• Most gaps were identified in Section III (execution approach) and the gaps are listed as 
follows; long-lead parcel and utility adjustment, procurement procedure and plans, 
procurement responsibility matrix, safety procedures, and inter-company and inter-
agency coordination and agreements. It is necessary to identify safety procedures for 
both the design and construction phases. 
 
4.5 Data triangulation 
 
As discussed in Chapter 3, during the data analysis process it is necessary to verify findings 
using more than one perspective to enhance data triangulation (Abowitz & Toole, 2010). For 
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this research, the questionnaires and project definition rating index (PDRI) checklist were used 
to gather data on activities that were deemed necessary for the project scoping process and the 
level of definition for each project element. 
 
During the data analysis, an assessment was conducted to check whether the gaps identified 
from the results of the questionnaire could be validated using the results from the PDRI 
checklist. The gaps observed are summarised in Table 4.14 below. 
 
Table 4.14: Gap analysis matrix 
 
 
Therefore, the two gaps ‘creating a requirements list of services, such as electricity, water and 
sewer, required during the construction phase’ and ‘determining the extent of environmental 





of services, such as 
electricity, water 
and sewer, 
required during the 






Gap identified Gap identified Yes 
Determine the extent of environmental 
work required during the construction of 





Contingencies (PDRI checklist gap) 
Gap not 
identified 
Gap identified No 




Gap identified No 
Support structures (PDRI checklist gap) 
Gap not 
identified 
Gap identified No 
Long-lead parcel and utility adjustment 
(PDRI checklist gap) 
Gap not 
identified 
Gap identified No 




Gap identified No 
Procurement responsibility matrix 
(PDRI checklist gap) 
Gap not 
identified 
Gap identified No 
Safety procedures (PDRI checklist gap) 
Gap not 
identified 
Gap identified No 
Intercompany and interagency 




Gap identified No 
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work required during the construction of the project’ were identified using the results of the 
questionnaire. Following that, PDRI checklist was applied; the gap ‘equipment utility 
requirements’ validates that the gap related to ‘creating a requirements list of services, such as 
electricity, water and sewer, required during the construction phase’ exists.  
 
4.6 Chapter conclusion 
  
The purpose of the chapter was to interpret the data that was collected and present the findings, 
and to reach a conclusion to the research question. Both the questionnaire and the project 
definition rating index (PDRI) checklist were applied to highlight problem areas within the 
scope.  
 
The results of the questionnaire highlighted two gaps. The first gap was creating a requirements 
list of services, such as electricity, water and sewer, needed during the construction phase. The 
second gap was related to determining the extent of environmental work required during the 
construction of the project. Both these gaps have the potential to delay proposed mitigation 
strategies for addressing the problem areas. If these activities are not identified and planned for 
during the project scoping process, they are likely to lead to unwarranted time delays and 
increased project costs. 
 
Despite the difference in perspectives of the respondents (project manager from the 
consultant’s office, the project manager, and the project leaders from the organisation), the 
respondents agreed that there was a gap in creating a requirements list of services such as 
electricity, water and sewer, for the construction phase. This gap was validated by both the 
questionnaire and the PDRI checklist. 
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Chapter 5: Conclusion 
 
5.1 Chapter purpose 
 
The purpose of this chapter is to discuss the data analysis results and present a summary of the 
research findings. Conclusions were drawn based on the literature review and the case study 
results. This was done by determining whether or not the research question was answered and 





Various studies (Flyvbjerg, Bruzelius & Rothengatter, 2003; Gibson Jr et al., 2010; Hansen et 
al., 2018) have shown that many infrastructure projects have a high possibility of failing during 
the planning and execution stages of a project. This is due to the complexity of modern projects, 
a high level of uncertainties, as well as several interdependencies within the project. The failure 
of infrastructure projects can frequently be traced to the initial phase of the project scoping 
process (Yu et al., 2007). Issues that are related to the project scoping include; the absence of 
extensive groundwork, failure to identify all client requirements, failure to involve all relevant 
project stakeholders, poor communication between those involved in the initial phase of the 
project and not enough time allocated for defining the project scope and project briefing (Yu 
et al., 2007). These issues can impact on the next project phase, therefore, project managers 
and stakeholders need to pay close attention to the implementation of the front-end planning 
(Hansen et al., 2018). 
 
Project scope definition is an important part of front-end planning and is key for achieving 
excellent project performance (Hwang & Ho, 2012). George et al. (2008) further stated that it 
may reduce project costs, and lower the variability of both project costs and schedules. 
Therefore, poorly defined scope definition elements need to be identified and addressed early, 
to counter risk and unforeseen conditions (Hwang & Ho, 2012).  
 
The research was developed based on the following problem statement: To determine 
whether the application of best practices to the project scoping process can have positive 
effects and ultimately improve infrastructure project performance.  
 
To achieve the objectives of the study, a literature review was conducted, and data were 
collected to answer the research question:  
 
RQ: What are the best practice activities in the project scope process for 
infrastructure projects? 
 
To assess the gaps that are present during the scope definition process and the preplanning 
phase of infrastructure projects, a case study research approach was followed. The 
questionnaire was used to determine if there were any gaps in the project scoping process for 
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the selected project. Thereafter, the project definition rating index (PDRI) checklist was applied 
to validate the identified gaps.  
 
In the next section, the research question is answered, and the meaning of the findings are 
discussed and recommendations are made.  
 
5.3 Findings of the study 
 
A literature review was conducted to identify the critical activities for defining the scope for 
infrastructure projects. To identify gaps in the project scope, data was gathered to determine 
whether or not the respondents carry out the activities listed in Table 5.1 below.  
 







1. Project strategic plan    
1.1 
Define project development objectives and ensure alignment 
to the business objectives 
5 No gap 
1.2 
Collect historical cost data and project performance histories 
to determine if a project is needed and whether or not it will 
be beneficial to an organisation 
5 No gap 
1.3 
Identify and finalise project alternatives based on physical 
suitability, availability, and environmental considerations  
4,5 No gap 
1.4 
Initiate activities for addressing regulatory issues and ensure 
compliance during design and construction 
4,75 No gap 
1.5 Identify risk elements, severity, and frequency 4,75 No gap 
1.6 Come up with risk mitigation techniques 5 No gap 
2. Project execution plan    
2.1 
Development of preliminary design criteria used to develop 
the project design concept 
4,25 No gap 
2.2 Formulate the project team and assign responsibilities 4,25 No gap 
2.3 
Create preliminary cost estimates, such as estimates for 
consultants, equipment, and material  
4,25 No gap 
2.4 
Create a master project schedule showing a sequence of the 
major activities and reflecting important contractual dates 
4,75 No gap 
2.5 
Develop processes and procedures for managing the quality 
and safety aspects of the project 
4,25 No gap 
2.6 
Development of preliminary execution plan, showing 
constraints and dependencies 
4,5 No gap 
Inform the project team of their requirements, roles and 
responsibilities 
4,25 No gap 
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2.7 
Develop a preliminary summary of project features, project 
information and contractual arrangements 
4,75 No gap 
2.8 
Draw up a list of required activities for the start-up plan, 
their sequence of execution and assignment of 
responsibilities 
4,75 No gap 
3. Project scope plan     
3.1 
Create a requirements plan for attaining and maintaining the 
site   
4 No gap 
3.2 
Create a requirements list of services, such as electricity, 
water and sewer, required during the construction phase 
3,75 Gap 
3.3 
Determine the extent of environmental work required during 
the construction of the project  
3,75 Gap 
3.4 
Develop a layout plan for the infrastructure and the 
supporting processes 
4,75 No gap 
3.5 
Develop the detailed scope of work and create a detailed list 
of tasks and deliverables for the project  
4,75 No gap 
Breakdown the work scope into manageable packages with 
time and cost aspects 
4,75 No gap 
 
Table 5.1 above, shows that respondents agree that the activities for defining the project scope 
are required. Except for the two gaps highlighted below, this shows that the following activities 
were not done: 
• Create a requirements list of services, such as electricity, water and sewer, required 
during the construction phase 
• Determine the extent of environmental work required during the construction of the 
project 
 
It is important to create a list of requirements of services during the project scoping process to 
be able to plan for necessary changes or the realignment of utilities, to be able to accommodate 
the proposed infrastructure (Le et al., 2009). Failure to do so, may impact the project negatively 
and result in unwarranted delays and increased project costs (Le et al., 2009). Neglecting a 
preliminary environmental assessment during the project scoping process is risky. It delays the 
identification of problematic areas early in the project development process and affects prompt 
mitigation of the environmental risk concern (Le et al., 2009; Amiril et al., 2014). 
 
Following that the PDRI checklist was applied, Table 5.2 shows a summary of the gaps 
identified from the PDRI checklist. It highlights where there is a link to the gaps identified and 
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Table 5.2: Highlighting links between gaps identified from the results of the PDRI checklist 
and the activities for defining the project scope  
 
 
Table 5.2 shows a summary of the gaps identified having used the project definition rating 
index (PDRI) checklist and also confirms that the following gap is valid:   
 
• Create a requirements list of services, such as electricity, water and sewer, required 
during the construction phase 
 
Therefore, based on the results, the respondents agreed that there is a gap in the project scoping 




Based on the results obtained by conducting this research, two recommendations can be made: 
• It is recommended that the development of a requirements list of services be prioritised 
during the scoping process to accommodate any changes or realignment that might be 
necessary for the proposed infrastructure project.  
• To minimise risk during construction, it is recommended to conduct a preliminary 
environmental assessment during project scoping. This can be achieved by conducting 
fieldwork, assessing data from previous environmental surveys, and consultation with 






Link between PDRI and 
‘activities for defining the 
project scope’ 
Section I 
C.3 Contingencies No link 
E.3 Material alternatives considered No link 
Section II 
H.1 Support structures No link 
H.5 Equipment utility requirements 
Yes, there is a link to critical 
scoping activity 3.2 (refer to 
Table 5.1 ) 
Section III 
J.2 Long-lead parcel and utility 
adjustment 
No link 
K.3 Procurement procedure and plans No link 
K.4 Procurement responsibility matrix No link 
M.1 Safety procedures No link 
M.6 Intercompany and interagency 
coordination and agreements 
No link 
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5.5 Future research 
 
The author of this study recommends that future research be focused on the needs and interests 
of stakeholders within the public sector, and to develop integrated decision-making guidelines 
on the practical implementation of sustainable strategies to address environmental issues during 
infrastructure project delivery. This will help organisations to minimise risk, costs and 
completion time, and improve the delivery of quality projects that are fit for purpose.  
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Appendix A: Questionnaire 
 
Best practice activities for defining the scope for infrastructure projects 
 
The questionnaire is part of the research work done in partial fulfillment of a degree in 
Engineering Management at the University of Johannesburg. The purpose of the questionnaire 
is to get a better understanding of the activities undertaken when defining the scope for 
infrastructure projects within the organization. The findings aim to highlight how gaps that are 
present during the scope definition process and the pre-planning phase of infrastructure projects 
can be closed.  
 
I would be grateful if you could answer the questions in this questionnaire. This should take 
about 15 minutes to complete. Please select an answer that closely matches your view for each 
question. A space for additional comments, if any, is provided at the end of the questionnaire. 
Should you decide to participate, please note that you would be free to withdraw your answers 
at any time and with no need to provide reasons. Once your answers have been withdrawn, 
they will not be saved or used. All the information you provide will be held with the strictest 
confidence. The answers from your questionnaire will only be used as data for a research study 
report and to write academic articles. Your identity and that of your organization cannot be 
linked to the answers.  
 
I hope that you will participate and that you will find completing the questionnaire to be 
interesting. Your participation will make a significant contribution to the definition of scope 
for infrastructure projects. 
 
Thank you for your help. Please send back the questionnaire to me, Happyness Mahlangu, 
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Section A: Profile background 
 




Project manager  
Project team  
Project leader  
Other  
 




More than 10  
 
Section B: Activities for defining project scope  
 
The project strategic plan is a phase of the project scoping process. In your expert opinion 
which activities listed below should be done during the project strategic planning. On a scale 
of 1 to 5 (1-not a priority to 5-essential), please rate using an “X” to indicate the level of priority 
for each activity. 
 










1. Project strategic plan 1 2 3 4 5 
1.1 Define project development 
objectives and ensure alignment 
to the business objectives 
     
1.2 Collect historic cost data and 
project performance histories to 
determine if a project is needed 
and whether it will be beneficial 
to an organisation 
     
1.3 Identify and finalize project 
alternatives based on physical 
suitability, availability and 
environmental considerations  
     
1.4 Initiate activities for addressing 
regulatory issues and ensure 
compliance during design and 
construction 
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1.5 Identify risk elements, severity, 
and frequency 
     
Come up with risk mitigation 
techniques 
     
 
The project execution plan is a phase of the project scoping process. In your expert opinion 
which activities listed below should be done during the project execution planning. On a scale 
of 1 to 5 (1-not a priority to 5-essential), please rate using an “X” to indicate the level of priority 
for each activity. 
 










2. Project execution plan 1 2 3 4 5 
2.1 Development of preliminary 
design criteria used to develop 
the project design concept 
     
2.2 Formulate the project team and 
assign responsibilities 
     
2.3 Create preliminary cost 
estimates, such as estimates for 
consultants, equipment and 
material  
     
2.4 Create master project schedule 
showing a sequence of the major 
activities and reflecting 
important contractual dates 
     
2.5 Develop processes and 
procedures for managing the 
quality and safety aspects of the 
project 
     
2.6 Development of preliminary 
execution plan, showing 
constraints and dependencies. 
     
Inform the project team of their 
requirements, roles, and 
responsibilities 
     
2.7 Develop a preliminary summary 
of project features, project 
information and contractual 
arrangements 
     
2.8 Draw up a list of required 
activities for the start-up plan, 
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their sequence of execution, and 
assignment of responsibilities 
 
The project scope plan is a phase of the project scoping process. In your expert opinion which 
activities listed below should be done during the project scope planning. On a scale of 1 to 5 
(1-not a priority to 5-essential), please rate using an “X” to indicate the level of priority for 
each activity. 
 










3. Project scope plan  1 2 3 4 5 
3.1 Create a requirements’ plan for 
attaining and maintaining the site   
     
3.2 Create a requirements list of 
services, such as electricity, 
water and sewer, required during 
the construction phase 
     
3.3 Determine the extent of 
environmental work required 
during the construction of the 
project  
     
3.4 Develop a layout plan for the 
infrastructure and the supporting 
processes 
     
3.5 Develop the detailed scope of 
work and create a detailed list of 
tasks and deliverables for the 
project  
     
Breakdown the work scope into 
manageable packages with time 
and cost aspects 
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Appendix B: Project definition rating index (PDRI) checklist 
 
The project definition rating index (PDRI) checklist is a score sheet developed by the 
Construction Industry Institute which is used to define project scoping activities and prepare 
the project for execution (Bingham, 2010; Hansen, 2018). In your expert opinion, what is the 
level of definition for each project scoping activity listed below for the basis of project decision, 
section I of the project definition rating index (PDRI) checklist for infrastructure projects? On 
a scale of 0 to 5 (1-not applicable to 5-incomplete or poor definition), please rate using an “X” 
to indicate the level of definition for each activity.  
 
 
Section I – Basis of project decision 
 Definition Level Score 
A.  Project strategy  
Elements  0 1 2 3 4 5  
A.1 Need and purpose documentation        
A.2 Investment studies & alternatives 
assessments  
       
A.3 Key team member co-ordination        
A.4 Public involvement         
Category A Total  
B.  Owner/operator philosophies  
Elements  0 1 2 3 4 5 Score 
B.1 Design philosophy         
B.2 Operating philosophy         
B.3 Maintenance philosophy        
B.4 Future expansion & alteration consideration         
Category B Total  
C.  Project funding and timing  
Elements  0 1 2 3 4 5 Score 
C.1 Funding & programming        
C.2 Preliminary project schedule         
C.3 Contingencies        
Category C Total  
D.  Project requirements  
Elements  0 1 2 3 4 5 Score 
D.1 Project objectives statements         
D.2 Functional classification & use         
D.3 Evaluation of compliance requirements        
Definition levels:   
0 = Not Applicable 2 = Minor Deficiencies 4 = Major Deficiencies 
1 = Complete Definition 3 = Some Deficiencies 5 = Incomplete or Poor Definition 
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D.4 Existing environmental conditions        
D.5 Site characteristics available        
D.6 Dismantling & demolition requirements        
D.7 Determination of utility impacts        
D.8 Lead/discipline scope of work        
Category D Total  
E.  Value analysis 
Elements  0 1 2 3 4 5 Score 
E.1 Value engineering procedures         
E.2 Design simplification         
E.3 Material alternatives considered         
E.4 Constructability procedures         
Category E Total  
 
In your expert opinion, what is the level of definition for each project scoping activity listed 
below for the basis of design, section II of the project definition rating index (PDRI) 
questionnaire for infrastructure projects? On a scale of 0 to 5 (1-not applicable to 5-incomplete 
or poor definition), please rate using an “X” to indicate the level of definition for each activity.  
 
 
SECTION II – Basis of design 
  Definition Level Score 
F.  Site information  
Elements  0 1 2 3 4 5  
F.1 Geotechnical characteristics         
F.2 Hydrological characteristics        
F.3 Surveys & mapping         
F.4 Permitting requirements        
F.5 Environmental documentation        
F.6 Environmental commitments & mitigation         
F.7 Property descriptions         
F.8 Right-of-way mapping & site issues        
Category F Total  
G.  Owner/operator philosophies 
Elements  0 1 2 3 4 5 Score 
G.1 Schematic layout        
G.2 Horizontal & vertical alignment        
G.3 Cross-sectional elements         
G.4 Control & access        
Definition levels:   
0 = Not Applicable 2 = Minor Deficiencies 4 = Major Deficiencies 
1 = Complete Definition 3 = Some Deficiencies 5 = Incomplete or Poor Definition 
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Category G Total  
H.  Associated structures and equipment  
Elements  0 1 2 3 4 5 Score 
H.1 Support structures         
H.2 Hydraulic structures         
H.3 Miscellaneous elements        
H.4 Equipment list         
H.5 Equipment utility requirements        
Category H Total  
I.  Project design parameters  
Elements  0 1 2 3 4 5 Score 
I.1 Capacity        
I.2 Safety and hazards        
I.3 Civil/Structural         
I.4 Mechanical/Equipment        
I.5 Electrical/Controls         
I.6 Operations/Maintenance        
Category I Total  
 
In your expert opinion, what is the level of definition for each project scoping activity listed 
below for the execution approach, section III of the project definition rating index (PDRI) 
questionnaire for infrastructure projects? On a scale of 0 to 5 (1-not applicable to 5-incomplete 
or poor definition), please rate using an “X” to indicate the level of definition for each activity.  
 
 
Section III – Execution Approach 
 Definition Level Score 
J.  Land acquisition strategy  
Elements 0 1 2 3 4 5  
J.1 Local public agencies contracts & 
agreements 
       
J.2 Long-lead parcel & utility adjustment         
J.3 Utility agreement & joint use contract         
J.4 Land appraisal requirements         
J.5 Advanced land acquisition requirements        
Category J Total  
K.  Procurement strategy  
Elements  0 1 2 3 4 5 Score 
K.1 Project delivery method & contracting 
strategies 
       
Definition levels:   
0 = Not Applicable 2 = Minor Deficiencies 4 = Major Deficiencies 
1 = Complete Definition 3 = Some Deficiencies 5 = Incomplete or Poor Definition 
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K.2 Long-lead/critical equipment & materials 
identification  
       
K.3 Procurement procedure & plans         
K.4 Procurement responsibility matrix        
Category K Total  
L.  Project control 
Elements  0 1 2 3 4 5 Score 
L.1 Right-of-way & utilities cost estimates        
L.2 Design & construction        
L.3 Project cost control         
L.4 Project schedule control         
L.5 Project quality assurance & control        
Category L Total  
M.  Project execution plan  
Elements  0 1 2 3 4 5 Score 
M.1 Safety Procedures        
M.2 Owner approval requirements         
M.3 Documentation/deliverables        
M.4 Computing & CADD/model requirements        
M.5 Design/construction plan & approach         
M.6 Intercompany & interagency coordination & 
agreements 
       
M.7 Work zone and transportation plan        
M.8 Project completion requirements         
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Appendix C: Responses for the questionnaire 
 
In the tables below the full responses for the questionnaire are presented. The questionnaire 
consists of the following sections; project strategic plan, project execution plan, and project 
scope plan. 
 

































1. Project strategic plan 1 2 3 4 5
1.1
Define project development objectives and 
ensure alignment to the business objectives
0 0 0 0 4 20 4 5
1.2
Collect historic cost data and project 
performance histories to determine if a project is 
needed and whether it will be beneficial to an 
organisation
0 0 0 0 4 20 4 5
1.3
Identify and finalize project alternatives based on 
physical suitability, availability and environmental 
considerations 
0 0 1 0 3 18 4 4,5
1.4
Initiate activities for addressing regulatory issues 
and ensure compliance during design and 
construction
0 0 0 1 3 19 4 4,75
1.5 Identify risk elements, severity, and frequency 0 0 0 1 3 19 4 4,75
Come up with risk mitigation techniques 0 0 0 0 2 10 2 51.6
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2. Project execution plan 1 2 3 4 5
2.1
Development of preliminary design criteria used to 
develop the project design concept
0 0 1 1 2 17 4 4,25
2.2
Formulate the project team and assign 
responsibilities
0 0 1 1 2 17 4 4,25
2.3
Create preliminary cost estimates, such as 
estimates for consultants, equipment and material 
0 0 1 1 2 17 4 4,25
2.4
Create master project schedule showing a 
sequence of the major activities and reflecting 
important contractual dates
0 0 0 1 3 19 4 4,75
2.5
Develop processes and procedures for managing 
the quality and safety aspects of the project
0 0 0 3 1 17 4 4,25
Development of preliminary execution plan, 
showing constraints and dependencies
0 0 0 2 2 18 4 4,50
Inform the project team of their requirements, 
roles, and responsibilities
0 0 1 1 2 17 4 4,25
2.7
Develop a preliminary summary of project 
features, project information and contractual 
arrangements
0 0 0 1 3 19 4 4,75
2.8
Draw up a list of required activities for the start-up 
plan, their sequence of execution, and assignment 
of responsibilities

















3. Project scope plan 1 2 3 4 5
3.1
Create a requirements’ plan for attaining and 
maintaining the site  
0 0 1 2 1 16 4 4
3.2
Create a requirements list of services, such as 
electricity, water and sewer, required during the 
construction phase
1 0 0 1 2 15 4 3,75
3.3
Determine the extent of environmental work 
required during the construction of the project 
0 1 1 0 2 15 4 3,75
3.4
Develop a layout plan for the infrastructure and 
the supporting processes
0 0 0 1 3 19 4 4,75
Develop the detailed scope of work and create 
a detailed list of tasks and deliverables for the 
project 
0 0 0 1 3 19 4 4,75
Breakdown the work scope to manageable 
packages with time and cost aspects
0 0 0 1 3 19 4 4,75
3.5
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Appendix D: Responses for project definition rating index (PDRI) checklist 
 
Please note that the light blue circle represents the scores from Respondent A and the black 
circle represents the scores from respondent B. 
 
D.1: Complete responses to the project definition rating index (PDRI) checklist 
 
 
Score A Score B
Elements 0 1 2 3 4 5
A.1 Need and purpose documentation 0 2 13 24 35 44 2 13
A.2 Investment studies & alternatives 
assessments
0 1 8 15 22 28 1 22
A.3 Key team member co-ordination 0 1 6 11 16 19 1 11
A.4 Public involvement 0 1 6 11 16 21 1 1
5 47
Elements 0 1 2 3 4 5 Score A Score B
B.1 Design philosophy 0 2 7 12 17 22 2 7
B.2 Operating philosophy 0 1 5 9 13 16 9 5
B.3 Maintenance philosophy 0 1 4 7 10 12 4 4
B.4 Future expansion & alteration 
consideration
0 1 5 9 13 17 1 5
16 21
Elements 0 1 2 3 4 5 Score A Score B
C.1 Funding & programming 0 1 6 11 16 21 1 6
C.2 Preliminary project schedule 0 2 7 12 17 22 2 7
C.3 Contingencies 0 2 8 14 20 27 0 8
3 21
Elements 0 1 2 3 4 5 Score A Score B
D.1 Project objectives statements 0 1 6 11 16 19 1 6
D.2 Functional classification & use 0 1 6 11 16 19 1 1
D.3 Evaluation of compliance requirements 0 1 6 11 16 22 1 11
D.4 Existing environmental conditions 0 1 6 11 16 22 6 16
D.5 Site characteristics available 0 1 5 9 13 18 5 5
D.6 Dismantling & demolition requirements 0 1 4 7 10 11 1 10
D.7 Determination of utility impacts 0 1 6 11 16 19 6 11
D.8 Lead/discipline scope of work 0 1 4 7 10 13 * 1
21 61
Elements 0 1 2 3 4 5 Score A Score B
E.1 Value engineering procedures 0 1 3 5 7 10 1 7
E.2 Design simplification 0 0 3 6 9 11 0 6
E.3 Material alternatives considered 0 1 3 5 7 9 0 5
E.4 Constructability procedures 0 1 5 9 13 15 1 9
2 27
47 177
Section I – Basis of project decision
Category E Total
Section I – Basis of project decision Total (maximum score = 437)  
Definition Level
A.  Project strategy (maxumm = 112)
Category A Total
B.  Owner/operator philosophies  (maximum = 67)
Category B Total
C.  Project funding and timing (maximum = 70)
Category C Total
D.  Project requirements (maximum = 143)
Category D Total
E.  Value analysis (maximum = 45)
 







 Score A Score B
Elements 0 1 2 3 4 5 1 1
F.1 Geotechnical characteristics 0 2 7 12 17 21 2 2
F.2 Hydrological characteristics 0 1 4 7 10 13 1 4
F.3 Surveys & mapping 0 1 4 7 10 14 1 1
F.4 Permitting requirements 0 1 5 9 13 15 9 9
F.5 Environmental documentation 0 1 5 9 13 18 9 9
F.6 Environmental commitments & 
mitigation
0 1 4 7 10 14 4 10
F.7 Property descriptions 0 1 3 5 7 10 3 3
F.8 Right-of-way mapping & site issues 0 1 4 7 10 14 4 4
33 42
Elements 0 1 2 3 4 5 Score A Score B
G.1 Schematic layout 0 1 4 7 10 13 1 4
G.2 Horizontal & vertical alignment 0 1 4 7 10 13 1 4
G.3 Cross-sectional elements 0 1 4 7 10 11 1 1
G.4 Control & access 0 1 3 5 7 10 1 3
4 12
Elements 0 1 2 3 4 5 Score A Score B
H.1 Support structures 0 1 4 7 10 11 1 0
H.2 Hydraulic structures 0 1 3 5 7 9 1 1
H.3 Miscellaneous elements 0 1 3 5 7 7 1 1
H.4 Equipment list 0 1 4 7 10 11 0 0
H.5 Equipment utility requirements 0 1 3 5 7 9 0 5
3 7
Elements 0 1 2 3 4 5 Score A Score B
I.1 Capacity 0 1 6 11 16 22 1 6
I.2 Safety and hazards 0 1 4 7 10 12 1 4
I.3 Civil/Structural 0 1 5 9 13 15 1 1
I.4 Mechanical/Equipment 0 1 3 5 7 10 0 0
I.5 Electrical/Controls 0 1 3 5 7 10 0 0




SECTION II – Basis of design
Definition Level
F.  Site information (maximum = 119)
Category F Total
G.  Owner/operator philosophies (maximum = 47)
H.  Associated structures and equipment (maximum = 47)
Category H Total
I.  Project design parameters (maximum = 80)
Category I Total
Section II – Basis of design Total (maximum score = 293)
 





Score A Score B
Elements 0 1 2 3 4 5
J.1 Local public agencies contracts & 
agreements
0 1 4 7 10 14 1 7
J.2 Long-lead parcel & utility adjustment 0 1 5 9 13 15 0 9
J.3 Utility agreement & joint use contract 0 1 4 7 10 12 0 0
J.4 Land appraisal requirements 0 1 3 5 7 10 0 0
J.5 Advanced land acquisition 
requirements
0 1 3 5 7 9 0 0
1 16
Elements 0 1 2 3 4 5 Score A Score B
K.1 Project delivery method & contracting 
strategies
0 1 5 9 13 15 1 5
K.2 Long-lead/critical equipment & 
materials identification
0 1 4 7 10 13 0 0
K.3 Procurement procedure & plans 0 1 4 7 10 11 0 1
K.4 Procurement responsibility matrix 0 0 2 4 6 8 0 0
1 6
Elements 0 1 2 3 4 5 Score A Score B
L.1 Right-of-way & utilities cost estimates 0 1 3 5 7 10 0 *
L.2 Design & construction 0 2 8 14 20 25 2 8
L.3 Project cost control 0 1 5 9 13 15 0 5
L.4 Project schedule control 0 1 5 9 13 17 0 5
L.5 Project quality assurance & control 0 1 4 7 10 13 1 1
3 19
Elements 0 1 2 3 4 5 Score A Score B
M.1 Safety Procedures 0 1 4 7 10 12 0 4
M.2 Owner approval requirements 0 1 3 5 7 10 1 3
M.3 Documentation/deliverables 0 1 3 5 7 9 1 3
M.4 Computing & CADD/model 
requirements
0 1 3 5 7 7 1 3
M.5 Design/construction plan & approach 0 1 4 7 10 14 1 1
M.6 Intercompany & interagency 
coordination & agreements
0 1 4 7 10 13 0 10
M.7 Work zone and transportation plan 0 1 3 3 7 9 0 3
M.8 Project completion requirements 0 1 3 3 7 9 3 3
7 30
12 71
102 328Section I, II and III – Grand Total
Section III – Execution Approach
Definition Level
J.  Land acquisition strategy (maximum = 60) 
Category J Total
K.  Procurement strategy (maximum = 47)
Category K Total
L.  Project control (maximum = 80)
Category L Total
M.  Project execution plan (maximum = 83)
Category M Total
Section III – Execution approach Total (maximum score = 270)
